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I.  INTRODUCTION 


The  major  commercially  Important  polymers  are  resistant  to 
deterioration  In  the  environment.  This  is  evidenced  by  the  fact  that 
plastic  materials  can  be  found  as  roadside  litter,  in  sanitary  landfill 
areas  and  along  the  shores  of  oceans  and  lakes  and  rivers. 

Several  years  ago,  scientists  became  interested  in  the  modifi¬ 
cation  of  polymeric  materials  so  that  they  would  disintegrate  after 
they  were  used.  This  opened  the  door  for  many  uses  for  degradable 
materials  in  agriculture,  as  mulch,  as  seed  holders,  as  flower  pots. 

Environmentally,  there  are  two  major  ways  in  which  plastics 
can  degrade.  One  way  is  disintegration  under  the  influence  of  living 
things  or  their  by-products.  The  second  way  is  by  exposure  to  sunlight, 
which  photochemically  breaks  down  the  macromolecules. 

The  two  effects  can  occur  simultaneously  and  the  rates  of  the 
two  processes  are  directly  related.  That  is,  both  processes  in  general 
occur  more  rapidly  in  lower  molecular  weight  materials.  Degradation  in 
one  way  thus  increases  the  rate  of  the  other. 

With  this  in  mind,  an  attempt  was  made  to  learn  something  about 
both  the  photodegradability  and  the  biodegradability  of  a  number  of 
polymers.  These  include: 

a. )  polysebacamides  derived  from  piperazine,  ethylenediamine,  1,2- 

propanediamine ,  2— methyl— 1,2-propanediamine  and  2-hydroxy— 1 ,3- 

propanediamine 

b. )  several  other  polymers  whose  biodegradability  had  been  pre¬ 

viously  investigated 
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c. )  polymers  derived  from  4,4,-bls(chloroacetyl)dlphenyl  ether, 

its  bromo  analog  and  4, 4*-bis(2-bromoproplonyl) diphenyl  ether 

d. )  polyesters  derived  from  the  same  three  monomers. 


II.  HISTORICAL 


A.  Blodegradablllty 

Studies  of  biodegradability  of  polymers  have  included  testing 
of  biopolymers,  modified  biopolymers,  commercially  important  polymers 
and  polymers  designed  to  be  degradable. 

Cellophane  and  amylose  films  are  degraded  by  microorganisms.1 
A  polyurethane  obtained  from  the  modification  of  cellulose  is  biode- 
gradable.  A  mixture  of  starch  and  polyethylene  can  be  utilized  by 

mircoorganisms.3  Starch  modified  by  grafting  of  poly(methyl  acrylate) 

4 

is  degraded  by  Aspergillus  niger. 

Of  the  commercially  important  polymers,  only  aliphatic  polyes¬ 
ters  and  low  molecular  weight  polyethylene  are  biodegradable.5 

Polymers  designed  to  be  biodegradable  have  been  synthesized 
from  biologically  important  monomers,  such  as  the  a-amino  acids.® 
Polyglycolate  and  poly  (lactic  acid)  have  been  suggested  as  biodegrad¬ 
able  encapsulating  materials  for  pesticides  and  herbicides.7  These 
polymers  are  also  used  in  surgical  sutures  which  decompose  in  the  body.® 
Copolymers  of  ethylene  glycol  and  phosgene  can  be  molded  into  biode¬ 
gradable  bottles.9  Other  synthetic  polymers  which  are  degradable 
include  Barex  210,  a  polyacrylonitrile  based  resin,10  polyenamines  11,12 

12  13 

nylons  from  propanediamines,  benzylated  nylons  and  hydrolyzed  poly 
(p-acetoxystyrene) 

Polymers  with  large  numbers  of  aromatic  rings  in  the  backbone 
are  generally  not  utilized  by  microorganisms,  but  polyesters  which  are 
extended  with  bis(A-isocyanatophenyl)  methane,  an  aromatic  diisocyanate. 
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are  biodegradable.15*16  This  data  is  significant,  because  much  of  the 
work  of  this  thesis  involves  degradability  of  aromatic  polymers. 

B.  Role  of  Microorganisms  and  Enzymes 

Two  methods  have  been  used  in  this  work  for  testing  biodegrad¬ 
ability.  One  is  a  commonly  accepted  method  of  the  American  Society  for 
Testing  and  Materials17  using  fungi  and  the  other  makes  use  of  en- 
ry^s.18’19 

Fungi  cause  degradation  of  polymers  by  secreting  enzymes.  The 

enzymes  hydrolyze  the  polymer  into  smaller  fragments  which  the  fungi 

can  use  for  food  —  as  a  source  of  carbon.  The  fungi  multiply  and  the 

multiplication  is  taken  as  a  measure  of  the  amount  of  degradation. 

A  much  more  expensive  method  for  measuring  polymer  degradation 

involves  the  use  of  pure  enzymes.  Most  hydrolytic  enzymes  bring  about 

the  hydrolysis  of  the  amide  bonds  of  peptides  and  proteins,  but  soma 

also  cleave  ester  bonds.  These  enzymes  are  known  as  esterases.  It  is 

20 

this  function  of  the  hydrolytic  enzyme  elastase  which  makes  it  use¬ 
ful  in  this  study. 

The  factors  which  affect  the  biodegradability  of  polymers  are 
many  and  interrelated.  Among  them  are  primary  (chemical)  and  secondary 
(conformational)  structure,  hydrophilicity ,  degree  of  crystallinity  and 
molecular  weight. 

C.  Photodegradability 

Photodegradability  for  the  purpose  of  this  research  means  that 
the  material  is  capable  of  absorbing  radiation  from  the  sun  or  an  arti¬ 


ficial  light  source  of  X  >  290  nm.  Little  radiation  of  shorter  wave¬ 
length  (where  many  organic  molecules  absorb)  reaches  the  earth  because 
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it  is  blocked  by  our  atmosphere.  The  organic  functional  group  which 
absorbs  in  the  desired  region  and  which  is  readily  incorporated  into 
polymers  is  the  carbonyl  group.  The  absorption  results  in  an  n  +  it* 
transition  with  a  small  extinction  coefficient. 

There  are  several  mechanisms  by  which  carbonyl  functional 
groups  react  photocheraically.  The  most  common  are  the  Norrish  Type  I 
and  Norrish  Type  II  reactions,  illustrated  in  Scheme  1.  For  polymers 
with  the  carbonyl  group  in  the  main  chain,  the  Type  I  cleavage  can 
lead  to  a  decrease  in  molecular  weight  or  it  can  lead  to  crosslinking. 

Most  polymers  which  degrade  do  so  via  the  Norrish  Type  II 

reaction,  which  has  been  called  nonradical,  but  more  probably  involves 
21 

a  short-lived  biradical.  The  polymer  must  have  a  hydrogen  on  the 
carbon  Y  to  the  carbonyl  for  this  reaction  to  occur.  It  proceeds 
through  a  six-membered  ring  transition  state  and  leads  to  an  olefin 
and  a  ketone  end  group. 

Polymers  with  carbonyl  groups  directly  bound  to  the  backbone 
in  a  side  chain  will  also  degrade  via  a  Type  II  mechanism.  The  Type  I 
reaction  does  not  lead  to  polymer  cleavage  in  this  case. 

Photodegradable  copolymers  have  been  prepared  from  ethylene 

22  23 

and  carbon  monoxide,  methyl  vinyl  ketone  and  methyl  methacrylate, 

2#  2 
methyl  vinyl  ketone  and  styrene,  and  phenyl  vinyl  ketone  and  styrene. 

Poly (p-methoxyacrylophenone)  and  its  copolymers  with  styrene  and  methyl 

methacrylate  are  photodegradable.  Polyesters  from  diesters  such  as 

dimethyl  6-oxohendecanedioate  were  prepared  and  their  photoreactivity 

extensively  studied. 


Norrlsh  Reactions  of  Polymers  Containing  Carbonyl  Groups 


7 


D.  Combined  Photo-  and  Biodegradability  Studies 

There  have  been  only  a  limited  number  of  cases  where  both  types 
of  degradation.- have  been ‘combined  in  a  single  study.  Bacteria  and 
fungi  isolated  from  soils  were  grown  on  photodegraded  Ecolyte  poly¬ 
propylene.  Ecolyte  is  a  trademark  for  a  specially  prepared  polymer 

27 

containing  carbonyl  groups. 

Ultraviolet-sensitized  samples  of  polystyrene,  polyethylene 

28  29 

and  polypropylene  were  irradiated  and  biodegraded.  *  Irradiated 
polyethylene  labeled  with  carbon-14  gave  off  radioactive  carbon  dioxide 
when  mixed  with  soil  rich  in  microorganisms.30 


III.  RESULTS  AND  DISCUSSION 


A.  Introduction 

A a  Is  apparent  from  the  foregoing,  a  number  of  studies  have 
been  performed  on  the  biodegradablllty  of  polymers.  The  same  is  true 
for  Investigations  of  photodegradability.  A  smaller  amound  of  effort 
baa  been  involved  in  attempts  to  combine  the  two  forms  of  degradation 
In  polymers.  It  is  a  difficult  task  to  combine  the  two,  because  the 
rbe«i/-al  structures  required  for  each  type  of  degradation  are  generally 
quite  different. 

In  this  study,  an  attempt  was  made  to  approach  the  problem  from 
two  directions.  Polymers  which  were  synthesized  previously  for  biode¬ 
gradation  studies  were  subjected  to  ultraviolet  irradiation,  to  see  if 
they  might  be  photodegradable,  even  if  only  to  a  small  extent. 

Polymers  designed  to  be  photodegradable  were  synthesized  and 
subjected  to  irradiation.  In  both  cases,  the  biodegradability  of  the 
polymers  both  before  and  after  photolysis  was  investigated. 


B.  Polysebacamides 


1.  Polymer  Synthesis 


In  this  section,  the  photo-  and  biodegradability  of  a  group  of 

polysebacamides  is  reported.  The  series  is  listed  in  Table  1.  The 

12  13  31  12  13,32 

synthesis  and  biodegradability  of  polymers  (5),  *  *  (7), 

(8), 33  (9), 12  (10)12  and  (ll)12  have  been  extensively  investigated. 
These  polymers  were  originally  synthesized  in  a  study  of  the  effects 
of  substituents  on  the  biodegradability  of  nylons.  The  substituents 
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(3)  poly (ethylene  sebacamlde)  4-  HNCH_CH,NH 


10 


Included  benzyl,13  phenyl,33  methyl12,13  and  hydroxy  groups.12'13  Some 
of  the  benzyl,  methyl  and  hydroxy  polymers  were  biodegradable. 

34 

Low  molecular  weight  amides  are  photochemically  active,  so 
these  polymers  are  appropriate  samples  for  combined  photo-  and  biode- 
gradablllty  studies.  These  polymers  possess  hydrogens  Y  to  the  car¬ 
bonyl  group  both  in  the  main  chain  and  in  side  chains.  Photolysis  of 
these  polymers  would  provide  information  about  the  ease  of  a  Norrish 
Type  II  reaction  involving  either  a  main  chain  or  a  side  chain  hydrogen. 
If  the  Y  hydrogen  were  In  a  side  chain,  less  motion  of  the  long  polymer 
molecule  would  be  required  for  the  formation  of  the  six-membered  ring 
transition  state  through  which  the  reaction  proceeds. 

Polymers  (3), 35,36  (4)37  and  (6)  were  added  in  this  study  to 
a  complete  series  for  the  investigation.  Poly(ethylene  sebacamide) 
and  poly (piperazine  sebacamide)  were  synthesized  interfacially,  but 
polyamide  (6)  could  not  be  synthesized  In  this  manner. 

It  was  prepared  by  solution  polymerization  in  chloroform  using 
trie thy lamine  as  a  catalyst.38  The  molecular  weight  was  very  low,  as 
evidenced  by  [nl  “  0.06  (m-cresol,  39°C)  and  melting  range  73-85°C. 

2.  Photolysis  of  Model  Compounds 

The  model  compounds  in  Scheme  2  were  prepared  previously  for 
1 2 

biodegradability  studies.  The  photolyses  were  carried  out  in  aqueous 
suspension  in  air.  In  both  cases,  small  amounts  of  the  olefinic  Norrish 
Type  II  product  were  identified  by  mass  spectroscopy.  For  model  (2),  no 
information  could  be  obtained  about  which  isomer  was  formed.  The  other 
product,  heptanoic  acid,  was  not  detected. 

Since  the  photolyses  were  done  in  the  presence  of  air,  it  is 
likely  that  other  reactions  were  occurring  as  well,  including  photo¬ 


oxidation. 


Scheme  2 

Photoreactions  of  Nylon  Model  Compounds  in  Water 
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3.  Polymer  Photolysis 

The  polymers  were  photolyzed  in  aqueous  suspension  in  the 
presence  of  air.  The  viscosities  before  and  after  photolysis  were 
measured  at  39°C  in  m-cresol  and  are  shown  in  Table  2.  Quartz  was 
used  as  the  light  filter  in  most  cases,  because  amides  absorb  radia¬ 
tion  below  280  nm. 

The  results  show  that  polymers  (3),  (5)  and  (6)  exhibit  a 
molecular  weight  decrease  under  the  influence  of  ultraviolet  light. 

Per  hour  of  irradiation,  polymer  (3)  degrades  to  a  greater  extent  than 
the  others.  The  location  of  a  Y  hydrogen  in  the  side  chain  of  poly¬ 
mer  (5)  does  not  make  it  more  photoreactive  than  polymer  (3),  which 
has  no  side  groups. 

Polymers  (A),  (7)  and  (8)  must  react  slowly  via  a  Norrish  Type 
II  process,  because  crosslinking  occurs.  Steric  considerations  affect 
the  reactivity  of  (A),  which  probably  is  not  able  to  attain  the  re¬ 
quired  geometry  for  a  Norrish  Type  II  reaction.  It  is  interesting  to 
note  that  phenyl  cyclohexyl  ketone  does  not  undergo  any  Type  II  proc- 
esses.  Polymer  (7)  probably  forms  a  stable  free  radical  with  an 
hydroxy  substituent  and  polymer  (8)  a  stable  benzyl  radical,  through 
which  crosslinking  occurs. 

4.  Combined  photodegradability  and  biodegradability  studies 

Polymers  (0.1  g)  were  weighed  into  petri  dishes  and  dispersed 

with  hexane.  The  hexane  was  evaporated  and  half  of  the  dishes  were 
photolyzed  through  quartz  for  2A  hours.  The  samples  (each  in  duplicate) 
were  inoculated  with  Aspergillus  niger.  After  four  weeks  the  growth 
was  recorded  and  is  shown  in  Table  3. 


Table  2 


PhotodeKradation  of  Polysebacamides 

Polymer 

<nC 

Cn1pb 

Filter 

Time (hr) 

(3) 

0.36 

0.24 

quartz 

36 

(3) 

0.35 

0.30 

pyrex 

36 

(4) 

0.61 

insoluble 

quartz 

24 

(5) 

0.57 

0.51 

quartz 

24 

(6) 

0.06c 

0.05C 

quartz 

24 

(7) 

swells 

insoluble 

quartz 

24 

(8) 

- 

Insoluble 

quartz 

24 

^Intrinsic  viscosity  of  water  soaked  polymer  before  photolysis  -  in 
n-cresol  at  39°C. 

^Intrinsic  viscosity  cf  polymer  photolyzed  in  aqueous  suspension  -  in 
®-cresol  at  39°C. 

hexane  used  instead  of  distilled  water  because  polymer  was  sticky  in 
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Table  3 

Growth  of  Aspergillus  Niger*  on  Polysebacamides 
Before  and  After  Photolysis 


Sample 

Substituent 

Before  Photolysis 

After  Photolysis 

u)b 

none  (model  compound) 

(0) 

(0) 

(2>b 

CH^  (model  compound) 

(0) 

(0) 

<3)c 

none 

(4) 

(2) 

W)e 

(piperazine) 

(0) 

(1) 

<5>b 

CH3 

(1) 

(2) 

<6>C 

di  ch3 

(1) 

(2) 

(7)b 

OH 

(3) 

(4) 

(9)b 

CH3/0H  -  3/1 

CD 

(4) 

<10)b 

CH3/0H  -  1/1 

(0) 

(4) 

(U)b 

CH3/0H  -  1/3 

(0) 

(3) 

aASTM  rating:  0  -  no  visible  growth;  l-<  102  surface  covered;  2-10- 
302  surface  covered;  3-  30-60%  surface  covered;  4-  60-100%  covered. 

^Passed  through  60-mesh  screen  and  weighed  into  petri  dishes.  Ealf 
the  samples  photolyzed. 

CPhotolyzed,  then  weighed  into  petri  dishes  and  inoculated.  Unphoto- 
lyzed  just  weighed  into  petri  dishes  and  inoculated. 
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The  results  Indicate  that  all  the  polymers  except  (3)  biode¬ 
graded  to  a  greater  extent  after  photolysis.  Since  the  photolyses 
were  carried  on  in  the  presence  of  air,  a  complex  mixture  of  reactions 
probably  occurred.  Even  the  polymers  which  crosslinked  were  more  bio¬ 
degradable  after  photolysis.  Apparently,  the  increase  in  molecular 
weight  by  crosslinking  was  not  as  important  as  other  factors.  Perhaps 
some  low  molecular  weight  materials  were  formed,  which  could  be  util¬ 
ized  by  the  microorganisms. 

The  effect  of  photolysis  on  the  biodegradability  of  the  copoly¬ 
mers  was  higher  than  that  on  the  homopolymers.  It  is  quite  likely  that 
the  copolymer  samples  were  less  crystalline  and  more  susceptible  to 
photochemical  reaction  in  the  solid  state. 

C.  Photo-  and  Biodegradabillty  of  Other  Polymers 

Three  other  polymers  whose  biodegradability  had  been  investi¬ 
gated  earlier  were  also  photolyzed.  The  results  are  shown  in  Table  4. 
Polymer  (12) 39  probably  crosslinked  due  to  the  formation  of  a  stable 
benzyl  radical.  Polymer  (13) 19  probably  crosslinked  due  to  the  forma¬ 
tion  of  a  stable  free  radical  with  an  hydroxy  substituent.  Only  (13) 

was  more  biodegradable  after  photolysis.  The  conditions  used  for  the 

12 

tests  were  the  same  as  for  polyamide  (4).  Polymer  (14),  a  polymer 
with  a  methyl  group  as  a  side  chain,  was  photodegraded  to  a  lesser  ex¬ 
tent  than  poly (ethylene  sebacamide),  but  to  a  greater  extent  than  poly- 
(methylethylene  sebacamide) . 


Photo-  and  BlodcRradahllity  of  Other  Polymers 
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Polymers  photolyzed  In  aqueous  suspension,  passed  through  60-mesh  screen  weighed  Into 
petri  dishes  and  Inoculated.  Unphotolyzed  passed  through  60-mosh  screen,  weighed  into 
dishes  and  inoculated. 
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D.  Polyamines 

1.  Polymer  Synthesis 

In  this  section,  a  series  of  polyamines  were  prepared.  These 
polyamlnes  were  designed  to  be  photodegradable,  with  no  idea  of  how 
biodegradable  they  might  be.  Monomers  containing  carbonyl  functional 
groups  were  synthesized.  These  included:  1)  4,4,-bis(chloroacetyl) 
diphenyl  ether  (15),  2)  4, 4'-bis(bromoacetyl)  diphenyl  ether  (16), 
and  3)  4,4,-bis(2-bromopropionyl)diphenyl  ether  (17).  Also  synthesized 
was  4, 4* -bis (2-chloropropionyl) diphenyl  ether  (18),  but  polymers  could 
not  be  obtained  from  this  material.  The  synthesis40  of  these  compounds 
involved  a  Friedel-Craf ts  acylation  in  methylene  chloride  at  -10°C. 
Diphenyl  ether,  the  appropriate  acid  chloride  or  bromide  and  excess 
aluminum  chloride  were  used.  The  products  were  Ivory  to  yellow  in 
color  and  were  obtained  in  26-65%  yield  purified. 

Reaction  of  these  monomers  with  three  secondary  amines,  pipera¬ 
zine,  4,4'-trimethylenedipiperidine  and  N  N-' dimethyl-1, 3-propanedia- 
mine,  produced  the  series  of  polyamines  used  in  this  study. 

Similar  polymers  have  been  prepared  by  DIChamp,  Tortai  and 

Marechal4*  using  4,4'-bis(chloroacetyl)diphenyl  ether  and  primary 

amines.  No  photochemical  studies  were  performed  on  these  polymers. 

42 

Investigation  of  the  photochemistry  of  a-phenacylamines  has 
shown  that  they  react  mainly  through  a  Norrish  Type  II  reaction. 
Photolysis  of  N-phenacylcyclohexylamine  hydrochloride  in  aqueous 
methanol  produced  acetophenone  and  cyclohexanone  (through  hydrolysis 
of  the  imine  photoproduct)  in  approximately  60%  yield. 

In  this  research,  the  polymers  were  prepared  in  several  highly 
polar  solvents  at  80-90°C.  The  polymerization  reaction  is  shown  in 
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Scheme  3.  Several  different  bases  were  used,  Including  excess  second¬ 
ary  amine,  lithium  carbonate  and  triethylamine.  The  syntheses  are 
summarized  In  Tables  5,  6  and  7. 

The  bis (bromoacetyl) diphenyl  ether  was  used  because  the  bromide 
ion  Is  known  to  be  a  better  leaving  group  than  chloride  In  a  nucleophi¬ 
lic  displacement  reaction.  It  was  thought  that  a  higher  molecular 
weight  polymer  would  result,  but  it  did  not.  Polymers  could  not  be 
prepared  from  4,4'-bis(2-chloropropionyl)diphenyl  ether,  presumably 
because  the  displacement  reaction  was  too  slow  due  to  steric  hindrance. 
Polymers  were  produced  from  the  bromoanalog,  but  the  viscosities  were 
low  and  films  from  them  were  sticky  and  soft. 

Precipitation  of  these  polymers  at  the  end  of  the  reaction  left 
the  amino  groups  at  least  partially  in  the  form  of  the  hydrochloride. 
Washing  with  dilute  ammonium  hydroxide  converted  most,  but  not  all  of 
f ho  amine  hydrochloride  to  the  free  amine. 

The  intrinsic  viscosity  of  polymer  (29)  could  not  be  measured, 
because  it  was  apparently  crosslinked.  Careful  fractional  distillation 
of  N,H*-dimethyl-l,3-propanediamine  (bp  145-6°C)  did  not  remove  traces 
of  primary  amine  through  which  crosslinking  could  occur.  This  is 
illustrated  in  Scheme  4.  Possible  primary  amines  remaining  after  dis¬ 
tillation  include  N-methyl-l,3-propanediamine  (bp  139-141°C)  and  1,3- 
propanediamine  (bp  140°C). 

Polymer  (30)  was  extended  with  1,6-diisocyanatohexane  according 
to  Scheme  5.  Polyamine  urea  (36)  was  insoluble  in  m-cresol  and  trifluoro 
acetic  acid  and  had  ^  “  1800. 

An  X-ray  powder  pattern  was  obtained  for  polymers  (24)  and  (31). 
Samples  in  glass  capillaries  were  exposed  to  unfiltered  Cobalt  K  radia- 


Scheme 


Polvamlnes  from  A.A'-BisfchloroacetyDdiphenyl  ether  (15 


Intrinsic  viscosity  after  formation  of  film  from  formic  acid  solution. 


Table  5  (Continued) 
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Table 


Scheme 
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Preparation  of  Extended  Polyamlne 
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tion  (40  kv,  20  mA).  The  film-to-specimen  distance  was  six  cm  and  the 
samples  were  exposed  for  5.9  hours  at  room  temperature.  The  pattern 
for  (31)  is  shown  in  Figure  1.  It  is  less  than  25%  crystalline. 

Polymer  (24)  exhibits  almost  no  crystallinity. 

2.  Model  Compound  Synthesis  and  Photolysis 

Two  model  compounds  were  prepared  for  the  diamine  polymers. 
Reaction  of  a-bromo-p-methoxyacetophenone  with  piperazine  produced 
model  (37)  as  shown  in  Scheme  6.  In  the  same  scheme  is  shown  the  prep¬ 
aration  of  model  (38)  from  piperazine  and  a-bromo-p-methoxypropiophe- 
none  (39).  Starting  material  (39)  was  prepared  from  2-bromopropionyl 
bromide*  anisole  and  aluminum  chloride  in  methylene  chloride  at  -10°C. 
The  yield  was  33%. 

The  model  compounds  were  photolyzed  in  1%  aqueous  methanol 
under  nitrogen  for  12  hours.  Analysis  of  an  NMR  of  the  recovered 
solids  indicated  that  a  reaction  had  occurred.  Separation  of  products 
by  column  chromatography  on  silica  gel  yielded  Norrish  Type  II  products, 
for  model  (37), p-methoxyacetophenone  and  for  (38),  p-methoxypropiophe- 
none  and  mixtures  of  other  products.  The  ketones  were  identified  by 
high  resolution  mass  spectroscopy.  The  photolysis  reaction  is  given 
in  Scheme  7. 

42 

Identification  of  the  Norrish  Type  II  ketones  is  sufficient 
for  the  purposes  of  this  work,  for  it  indicates  that  polymer  chain 
breaking  is  occurring  during  photolysis.  Analysis  of  the  NMR  in 
Figure  2  indicates  that  approximately  20%  of  the  total  possible  p- 
methoxyacetophenone  had  formed.  It  is  not  very  difficult  to  obtain 
this  result,  as  the  -CH2~  adjacent  to  nitrogen  occurs  at  3.75  ppm,  and 
the  -CH^  adjacent  to  the  carbonyl  occurs  at  2.55  ppm. 


Figure  1.  X-Ray  Powder  Pattern  for  Polyamine  (31) 


Preparation  of  Polyamlne  Model  Compounds 
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Photolysis  of  Poly amine  Model  Compounds 


29 


r> 

JC 


I 


O 

<D 

2 


05 

CO 

I 

+ 

u 

O 

q: 

SI 

CM 

CL 

X 

CO 

0=0 

<J 

X 

CL -I 

oo 

u 

o 

n 

si 
a . 

X 

II  * 

O 

cc 

U 

CO 

X 

X 

o 

QC-O 

U-O 


sz 

Q. 


O 

CO 

X 

O 


ttfejawg^ 


atrawx 


m ih 


31 

In  Figure  3  is  the  NMR  for  model  (38).  Comparison  of  the 
quartet  at  4.00  ppm  (-Q^N-)  with  the  quartet  at  2.9  ppm  (-CH2C-)  in¬ 
dicates  that  about  45Z  of  the  total  possible  p-methoxypropiophenone 
had  formed.  This  spectrum  is  more  difficult  to  interpret  because  the 
peaks  overlap. 

3.  Polymer  Photolysis 

Representative  polymers  were  made  into  films  from  formic  acid. 
The  carefully  dried  films  were  photolyzed  in  air  at  a  uniform  distance 
of  2.4  Inches  from  a  450  watt  Hanovia  lamp.  Intrinsic  viscosities  are 
shown  in  Table  8. 

All  of  the  polymers  tested  were  photodegradable,  but  the  degra¬ 
dation  of  the  bis (acetyl) diphenyl  ether  polymers  was  only  measurable 
when  quartz  was  used  as  the  light  filter.  It  passes  all  radiation 
above  approximately  250  nm.  Pyrex  passes  all  radiation  given  off  by 
the  lamp  above  about  300  nm.  This  filter  more  closely  resembles  in  its 
emitted  light  the  sunlight  which  passes  to  earth.  The  amount  of  degra¬ 
dation  which  occurred  is  related  to  the  wavelengths  of  ultraviolet 
absorption  by  the  polymer.  The  uv  spectrum  must  be  measured  in  solu¬ 
tion,  but  no  suitable  solvent  is  available  for  the  polymer.  The  uv 
spectra  of  model  compounds  were  measured  and  that  for  model  (37)  is 
shown  in  Figure  4.  There  is  no  significant  difference  between  this 
spectrum  and  that  of  model  (38).  Thus  the  difference  in  the  photo¬ 
degradability  of  the  polymers  must  be  explained  in  some  other  way. 

One  factor  which  may  contribute  to  the  greater  degradability 
of  the  bis (propionyl) diphenyl  ether  polymers  is  molecular  weight. 

Lower  molecular  weight  compounds  usually  react  with  higher  quantum 
yields. 


Photolysis  of  Polyamines 


Since  the  4,4*-bis(2-bromopropionyl)diphenyl  ether  was  pre¬ 
pared  from  racemic  2-bromopropionyl  chloride*  it  should  consist  of  a 
mixture  of  enantiomers  and  diastereomers.  Polymers  prepared  from  this 
material  are  probably  quite  amorphous.  Greater  freedom  of  motion  in 
the  amorphous  state  increases  the  photoreactivity  of  the  polymers. 

Conformational  analysis  is  also  useful  in  explaining  the 
difference  in  photodegradation.  It  appears  that  the  location  of  the 
methyl  group  in  the  most  stable  conformation  of  (38)  (Figure  5)  allows 
close  approach  of  the  carbonyl  group  and  the  equatorial  hydrogen  y  to 
the  carbonyl.  No  such  effect  occurs  for  model  (37)  and  similar  poly¬ 
mers*  which  can  exist  in  other  conformations  of  practically  equal 
stability. 

4.  Combined  Photo-  and  Biodegradability  Studies 

Films  (0.1  g)  were  prepared  from  formic  acid  in  petri  dishes 
and  half  of  them  were  irradiated  for  24  hours.  Both  irradiated  and 
imlrradiated  samples  (in  duplicate)  were  then  inoculated  with  Asper¬ 
gillus  niger  or  Aspergillus  flavus.  The  results  after  four  weeks  are 
shown  in  Table  9. 

Since  these  polymers  were  not  utilized  by  either  fungus,  it  is 
unlikely  that  enzymes  would  cause  any  degradation.  Thus  a  study  of 
degradation  using  enzymes  was  not  done.  It  is  not  surprising  that  the 
microorganisms  did  not  cause,  degradation  of  these  polymers,  since  they 
contain  no  easily  hydrolyzable  links,  such  as  amide  or  ester  functional 


groups . 


Table  9 


Crowth  of  Fungi  on  Polyamlnes 
Before  and  After  Photolysis3 


AsperRillus  niger 

Before 

After 

(20) 

(0-l)C 

(0) 

(24) 

(0-1) 

(0) 

(28) 

(0) 

(0) 

(29) 

(0) 

(0) 

(31) 

(0) 

(0) 

(35) 

(0-1) 

(0) 

(37) 

(0) 

(0) 

Aspergillus  flavus 

(20) 

(0) 

(0) 

(29) 

(0) 

(0) 

(31) 

(0) 

(0) 

aAll  samples  were  weighed  into  petri  dishes  and  dis¬ 
solved  in  formic  acid.  The  acid  was  evaporated  and 
half  the  samples  were  inoculated.  The  other  half 
were  photolyzed  24  hours  through  pyrex  and  then 
inoculated. 

^All  samples  were  prepared  in  duplicate.  Values 
above  are  averages. 

cASTO  rating:  0-no  visible  growth;  l-<  10%  sur¬ 
face  covered;  2-10-30%  surface  covered;  3-  30-60% 
surface  covered;  4-  60-100%  surface  covered. 


In  this  section,  a  series  of  polyesters  were  prepared.  Again, 
these  polymers  were  designed  to  be  photodegradable,  but  in  this  case, 
one  might  predict  that  as  the  length  of  the  diacid  portion  of  the  poly¬ 
mer  increases,  the  more  likely  it  would  be  that  the  polymer  would  be 
biodegradable.  Recall  that  aliphatic  polyesters  are  the  most  biodegra¬ 
dable  commercial  polymers.^ 

Again,  these  polymers  were  prepared  from  4,4'-bis(chloroacetyl)- 

diphenyl  ether  (15),  4,4*-bis(bromoacetyl)diphenyl  ether  (16)  and  4,4'^ 

bis (2-bromopropionyl) diphenyl  ether  (17).  Diacids  of  six,  eight,  nine, 

ten  and  twelve  carbon  atoms  were  also  used.  The  preparation  of  these 
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polymers  was  suggested  by  the  work  of  Sheehan  and  Umezawa,  in  which 
p-methoxyphenacyl  and  a-meth  yl  phenacyl  groups  were  used  as  photosensi¬ 
tive  protecting  groups  for  the  carbonyl  functions  of  amino  acids.  The 
photochemical  reaction  involves  cleavage  into  free  radicals  and  abstrac¬ 
tion  of  hydrogen  from  the  solvent  to  yield  an  acetophenone  and  the  free 
acid. 

The  synthesis  of  these  polyesters  is  illustrated  in  Scheme  8. 
Tables  10,  11  and  12  contain  a  summary  of  all  the  polymers  prepared. 

The  polymers  are  soluble  in  trifluoroacetic  acid  and  m-cresol,  but  not 
in  formic  acid.  They  do  not  form  films  from  solution.  Polymers  from 
4, 4'-bis (2-bromopropionyl) diphenyl  ether  were  sticky  and  completely 
amorphous,  as  can  be  seen  in  the  DSC  In  Figure  6,  in  which  only  decom¬ 
position  exhibits  an  exotherm.  The  glass  transition  temperature,  Tg, 
of  these  polymers  must  be  below  room  temperature. 

It  should  be  noted  that  these  polyesters,  when  prepared  using 


Reaction  to  Form  Polyesters 
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Polyesters  from  A, A>-Bls(chloroaeetyl) diphenyl  ether  (15 


Polyesters  from  4,4’-Bls(bromoacetyl)dlphen 


Polyesters  from  4.4'«Bis(2-bromopropionyl)diphenyl  ether  (17 


triethylamine,  still  contained  traces  of  the  amine  after  purification. 
Washing,  as  well  as  reprecipitation  with  distilled  water,  dilute  hydro¬ 
chloric  acid  or  dilute  ammonium  hydroxide  did  not  remove  all  of  the 
triethylamine.  It  is  undoubtedly  bound  ionically  to  the  polymer  end 
groups  —  either  in  the  form  (-C00  NR^H)  or  (-C^N  R^Cl  ) • 

Polymer  (44)  was  extended  with  1,6-diisocyanatohexane  according 
to  Scheme  9.  The  reaction  of  a  carboxylic  acid  with  an  isocyanate  is  a 
complex  organic  reaction,  in  which  the  products  depend  on  the  concen¬ 
trations  of  the  reactive  species  and  the  catalyst.^  It  is  impossible 
to  obtain  information  from  the  NMR,  other  than  that  a  reaction  occurred. 
However,  the  intrinsic  viscosity  of  the  polymer  was  increased  from  0.24 
(44)  to  0.64  (53,  m-cresol,  38.4°C).  It  is  most  likely  that  polymer 
(53)  exists  as  the  mixed  anhydride,  because  the  acid  concentration  was 
kept  low  compared  to  the  isocyanate  concentration  during  the  reaction. 

X-ray  powder  patterns  were  obtained  for  polymers  (46)  and  (47). 
The  irradiation  conditions  were  the  same  as  those  used  for  polyamine 
(31).  The  pattern  for  (47)  in  Figure  7  indicates  that  it  is  approxi¬ 
mately  25%  crystalline.  Polymer  (46)  is  less  than  25%  crystalline. 

2.  Model  Compound  Synthesis  and  Photolysis 

Two  model  compounds  were  prepared  for  the  polyesters.  The 
reaction  of  hexanoic  acid  with  both  4, 4’ -bis (choroacetyl) diphenyl  ether 
(15)  and  4,4*-bis(2-bromopropionyl)diphenyl  ether  (17)  produced  the 
model  compounds,  according  to  Scheme  10. 

The  model  compounds  were  photolyzed  in  anhydrous  ethanol  for 
six  hours,  at  which  time  no  starting  material  remained.  The  photolyses 
reactions  occurred  according  to  Scheme  11.  Acid-base  extraction  of  the 
solid  remaining  after  photolysis  of  (54)  yielded  16%  of  the  theoretical 


Preparation  of  Extended  Polyester 
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Figure  7.  X-Ray  Powder  Pattern  for  Polyester  (47). 


Preparation  of  Polyester  Model  Compounds 


Photolysis  of  Polyester  Model  Compounds 


amount  of  hexanoic  acid.  An  attempt  to  purify  the  remaining  material 
by  column  chromatography  on  silica  gel  resulted  In  a  mixture.  The  NMR 
of  this  mixture  Is  shown  in  Figure  8.  The  peak  at  6  5.3  indicates  that 
only  a  small  amount  of  monoester  remains.  The  peak  at  6  2.6  Indicates 
that  the  greater  portion  of  this  mixture  is  A.V-bisCacetyDdiphenyl 
ether.  The  three  products  were  Identified  by  high  resolution  mass 
spectroscopy. 

For  model  (55),  the  yield  of  hexanoic  acid  was  32Z.  The  NMR 
of  the  purified  mixture  (Figure  9)  indicates  that  about  two-thirds  of 
the  ester  links  have  been  converted  to  ethyl  groups.  The  quartet  at 
6  6.0  is  due  to  the  methyne  hydrogen  and  that  at  6  3.0  is  due  to  the 
methylene  hydrogens  in  4,4*-bis(propionyl)diphenyl  ether.  Again,  the 
products  were  identified  by  high  resolution  mass  spectroscopy. 

3.  Polymer  Photolysis 

Photolysis  of  representative  polymers  under  several  different 
conditions  indicated  that  the  polymers  were  not  photodegradable,  but 
photocrosslinkable.  The  results  are  shown  in  Table  13.  Polymers  pre¬ 
pared  from  4,4,-bis(2-bromopropionyl)diphenyl  ether  were  too  sticky  to 
pbotolyze. 

The  crosslinking  reaction  was  faster  than  hydrogen  abstraction 
from  water  or  ethanol.  This  was  true  probably  because  the  polymers 
were  only  suspended  and  not  dissolved.  Perhaps  photolysis  of  the 
polymers  in  a  suitable  solvent,  if  one  could  be  found,  would  yield  a 
different  result. 

4.  Combined  Photo-  and  Blodegradabillty  Studies 

An  effort  was  made  to  study  the  biodegradability  of  the  poly¬ 


mers 


both  before  and  after  photolysis.  This  was  accomplished  by 


Table  13 


Photolysis  of  Polyesters 


Polymer 

Filter 

Dispersing  Medium 

tnl8 

(46) 

(stirred  in  HjO) 

0.15b 

(46) 

(stirred  In  EtOH) 

0.14c 

(46) 

pyrex  7740 

H20/air 

0.16 

(46) 

pyrex  7740 

h2o/n2 

0.19 

(46) 

pyrex  7740 

EtOH/N2 

0.17 

(47) 

quartz 

EtOH/N2 

insoluble 

*Intrinsic  viscosities  In  m-cresol  at  38.4°C. 

^Stirred  In  water  24  hours,  filtered,  dried  and  dissolved  In 
m-cresol.  Some  treatment  as  photolyzed  polymers,  except  for 
irradiation. 


cSame  as  above,  except  the  dispersing  medium  was  ethanol. 
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weighing  0.1  g  of  each  polymer  into  petrl  dishes,  dissolving  in  tri- 
fluoroacetlc  acid  and  evaporating  the  solvent  to  leave  an  even  coating. 
These  petri  dishes  were  suspended  around  the  Hanovia  lamp  at  a  uniform 
distance  of  2.4  inches  and  irradiated  through  pyrex  7740  for  24  hours. 
The  results  of  the  biodegradation  tests  with  Aspergillus  nlger  and 
Aspergillus  flavus  are  shown  in  Table  14. 

The  fact  that  these  polymers  are  degradable  is  noteworthy,  be¬ 
cause  polymers  containing  large  numbers  of  aromatic  rings  in  the  back¬ 
bone  are  commonly  considered  unlikely  to  biodegrade. 

The  results  show  very  little  difference  in  degradation  before 
and  after  photolysis.  The  polymers  with  the  highest  biodegradability 
(47)  and  (48),  are  also  polymers  with  the  highest  number  of  carbon 
atoms  in  the  acid  portion  of  the  polymer  chains.  This  was  predicted, 
because  these  polymers  more  closely  resemble  aliphatic  polyesters  in 
structure. 

The  data  also  indicate  that  the  growth  of  the  fungus  is  related 
to  molecular  weight.  Polymers  (46),  (48)  and  (52)  were  all  prepared 
from  sebacic  acid,  but  the  biodegradability  increases  in  the  order 
(52)  <  (46)  <  (48).  Polymer  (52)  has  an  intrinsic  viscosity  of  0.26, 
as  compared  with  0.15  for  both  (46)  and  (48).  Other  factors  must  also 
be  considered,  including  degree  of  crystallinity  and  presence  of  trace 
amounts  of  catalyst. 

It  is  interesting  that  the  polymers  from  4,4*-bis(2-bromopro- 
pionyl) diphenyl  ether  (17),  (50)  and  (51),  are  not  very  degradable,  even 
though  they  contain  sebacic  acid  and  1,10-decanedicarboxylic  acid. 
Possibly  steric  hindrance  to  the  site  of  hydrolysis,  the  ester  bond,  is 
provided  by  the  methyl  group. 


-HMnnuis 
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Table  14 


Growth  of  Fungi 

on  Polyesters  Before 

&  b 

and  After  Photolysis  * 

Aspergillus  niger 

Polymer 

{timber  of  Carbon 
Atoms  in  Dlacid 

Before 

After 

(40) 

6 

(0-1) 

(0) 

(42) 

10 

(1) 

(0-1) 

(43) 

9 

(1) 

(1) 

(44) 

6 

(0) 

(0-1) 

(45) 

8 

(1-2) 

(1-2) 

(46) 

10 

(1-2) 

(1-2) 

(47) 

12 

(2-3) 

(2-3) 

(48) 

10 

(2-3) 

(2-3) 

(50) 

10 

(0) 

(1) 

(51) 

12 

(0) 

(1) 

(52) 

10 

(1) 

(0) 

d 

(54) 

(aodel  compound) 

(0) 

(o  r 

Aspergillus  flavus 

(44) 

6 

(0) 

- 

(46) 

10 

(0) 

— 

(47) 

12 

(0) 

— 

(48) 

10 

(2) 

— 

(52) 

10 

(0) 

- 

(54) 

- 

(o)d 

— 

*ASTM  rating:  0-no  visible  growth;  1  -  <  10Z  surface  growth;  2-10- 
30%  surface  growth;  3-  30-60Z  surface  growth;  4  -  60-100Z  surface 
growth. 

bAll  samples  were  prepared  in  duplicate.  Values  above  are  averages. 


cSamples  were  weighed  into  petri  dishes  and  dissolved  in  trifluoro- 
acetic  acid.  The  acid  was  evaporated  and  half  the  samples  were 
inoculated.  The  other  half  were  photolyzed  24  hours  through  pyrex 
and  then  inoculated. 


‘Siodel  compound  weighed  into  petri  dishes  and  photolyzed.  Not  dis 
solved  in  trifluoroacetic  acid. 
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5.  Polymer  Degradability  by  the  Enzyme  Elastase 

Elastase  la  an  enzyme  which  has  some  esterase  activity,  and  so 
It  was  used  in  this  study  of  biodegradability.  Polymer  samples  were 
suspended  in  buffer  and  enzyme  was  added  daily  for  ten  days.  Then,  the 
supernatant  was  analyzed  by  ultraviolet  spectroscopy.  Absorbances  for 
model  (54)  in  952  ethanol  at  226  nm  and  277  nra  were  chosen  as  the  wave¬ 
lengths  to  be  compared.  The  uv  spectrum  of  model  (54)  is  shown  in 
Figure  10.  The  results  (Table  15)  are  averages  of  two  trials.  The 
differences  between  the  value  for  Buffer  plus  Polymer  plus  Enzyme  and 
Buffer  plus  Polymer  must  be  greater  than  the  difference  between  Buffer 
plus  Enzyme  and  Buffer  for  degradation  to  have  occurred. 

In  only  two  cases  do  the  absorbances  indicate  degradation,  for 
polymers  (48)  and  (50).  The  amount  of  degradation  can  be  calculated 
using  the  extinction  coefficients  for  model  (54)  at  the  wavelengths 
226  nm  and  277  nm.  At  226,  t  -  11,269  and  at  277,  e  -  11,810.  The 
calculations  of  c  are  shown  in  the  experimental  section.  The  concen¬ 
trations  of  degradation  products  in  solution  can  be  calculated  from  the 
equation  c  *  -g-  at  each  wavelength.  The  results  are  shown  in  Table  16. 

Polymer  (48)  is  the  only  polymer  which  supported  the  growth  of 
Aspergillus  flavus,  as  well  as  supporting  the  highest  growth  of  Asper¬ 
gillus  niger.  This  polymer  was  prepared  from  4,4'-bis(bromoacetyl)di- 
phenyl  ether  and  contained  more  triethylamine  (by  NMR)  than  the  other 
polymers  even  after  repeated  washing.  It  is  also  one  of  the  lower 
molecular  weight  polymers  prepared  from  sebacic  acid. 

Polymer  (50)  is  probably  degraded  by  elastase  because  it  is 
completely  amorphous.  It  is  theorized  that  this  increases  the  accessi¬ 
bility  of  the  hydrolysis  site  to  the  enzyme.  Note  that  this  polymer 
was  not  utilized  by  Aspergillus  niger. 


Ultraviolet  Absorbances  of  Supernatants  From  Enzyme  Stud1 
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IV.  EXPERIMENTAL 


A.  General  Characterization  and  Degradation  Procedures 
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1.  End-group  titrations 

a.  Polyesters 

Two  grants  of  polymer  was  accurately  weighed  Into  each  of  two 
250  ml  Erlenmeyer  flasks.  To  these  flasks  and  also  to  two  empty  flasks 
(blanks)  were  added  25  *1  pyridine  and  a  magnetic  stirring  bar.  The 
flasks  were  heated  until  all  the  polymer  dissolved  at  about  100°C. 

Ten  ml  distilled  water  was  added  to  each  and  the  samples  were  cooled. 

Mixed  indicator  for  the  titration  was  prepared  by  adding  one 
part  0.1Z  aqueous  cresol  red  to  three  parts  0.1X  aqueous  thymol  blue, 
both  indicators  having  been  neutralized  with  NaOH.  Six  drops  of  this 
solution  and  10  ml  n-butanol  were  added  to  each  flask.  The  samples 
were  titrated  with  0.4  S  nethanolic  NaOH. 

The  number  of  end  groups  per  gram  can  be  calculated  by  the 
formula  shown  below: 

,  equlv.  HC1  _  amount  of  tltrant  (ml) 

Mole  of  end  group/«raa  »  — 3 -  X 

1000  (ml)  gram  of  polymer 

Since  the  number-average  molecular  weight  is  inversely  related 
to  the  number  of  molecules  per  unit  weight  of  sample, 

1  1  ..  „ 

M  »  -  *  * - - — -  x  2* 

0  mole  end  group/g  mole  end  group/g 

2 

No  correction  was  made  for  the  small  number  of  -CH2C1  end  groups  re¬ 
maining  unreacted. 
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b.  Folyaalnes 

In  each  of  two  250  *1  Erlenmeyer  flasks  were  placed  1.5-2  g 
accurately  weighed  polymer,  35  g  phenol,  15  g  methanol  and  a  magnetic 
etlrrer.  The  flasks  were  heated  to  reflux  in  an  attempt  to  dissolve 
the  polymer.  It  did  not  completely  dissolve.  The  samples  were  titrated 
using  0.2RHC1  and  a  pH  meter  from  Analytical  Measurements,  Chatham, 

N.J.  The  end  point  was  taken  as  the  midpoint  of  the  vertical  portion 
of  a  plot  of  pH  vs.  ml  titrant,  as  shown  in  Figure  11.  These  titrations 
were  complicated  by  the  fact  that  the  change  in  slope  was  gradual,  as 
opposed  to  the  rapid  slope  change  for  simple  acid-base  titrations. 

This  can  be  attributed  in  part  to  the  fact  that  these  polymers  are 
polyamines  and  contain  tertiary  amino  groups  along  the  polymer  chain 
which  are  potentially  titrable.  However,  the  number-average  molecular 
weights  obtained  are  in  the  expected  range.  In  any  case,  the  reaction 
of  any  tertiary  amino  groups  with  HC1  would  only  cause  the  Mn  obtained 
to  be  lower  than  in  actuality.  Thus,  the  number-average  molecular 
weights  are  not  unjustifiably  high. 

Is  calculated  as  for  the  polyesters. 

2.  Enzyme  Study  Method 

Into  each  of  four  20  ml  corrosion  resistant  borosilicate  vials 
was  weighed  approximately  0.13  g  polymer  exactly  to  four  significant 
figures.  To  each  of  two  vials  used  as  controls  was  added  15  ml  0.1  M 
Tris  buffer  (titrated  to  pH  8  with  HC1) .  To  the  other  two  were  added 
15  ml  Tris  buffer  plus  0.01  ml  elastase  suspension  each  day  for  ten 
days.  The  elastase  had  been  extracted  from  porcine  pancreas  and  was 
obtained  from  Boehringer  Mannheim,  West  Germany.  The  suspension  had  a 
concentration  of  50  mg/7  ml.  Duplicate  vials  were  prepared  of  buffer 
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alone  find  of  buffer  plus  enzyme.  These  buffer  plus  enzyme  vials  also 
received  0.01  ml  elastase  suspension  each  day  for  ten  days.  Vials  were 
thoroughly  shaken  twice  dally.  At  the  end  of  the  ten  days,  the  suspen¬ 
sions  were  centrifuged  and  analyzed  by  ultraviolet  analysis. 

Determination  of  the  Extent  of  Hydrolysis  of  Polyesters.  Model 
compound  (54)  was  dissolved  in  952  ethanol  to  a  concentration  of 
0.0000525  mole/1.  Ethanol  was  used  because  the  model  was  not  soluble 


In  water. 

The  ultraviolet  spectrum  of  the  ethanol  solution  showed  maxima 
at  226  nm  and  at  277  nm,  as  can  be  seen  In  Figure  10.  By  the  Beer’s 
Law  equation  £  ■  the  extinction  coefficients  can  be  calculated. 

For  model  (54),  at  226  nm. 


.A  0.3916  m  ..  2 Ao 
C  c  0.0000525  U»269* 


At  277  nm, 

A  ,  0.6200  _  n.n 

£  c  0.0000525  U»810* 

Absorbances  for  each  polymer  sample  at  those  two  wavelengths 
were  calculated  from  the  equation  A  m  1/log  T.  Averages  of  duplicates 
were  obtained. 

A^  *  average  of  absorbances  for  buffer  along 

A2  ■  average  of  absorbances  for  buffer  plus  enzyme 

A^  ■  average  of  absorbances  for  buffer  plus  polymer 

A^  »  average  of  absorbances  for  buffer  plus  polymer  plus  enzyme. 

For  any  degradation  to  have  taken  place,  (A^  -  A3)  -  (A2  -  Ai)  must  be 
greater  than  zero  at  both  wavelengths.  This  difference  Is  equal  to  the 
absorbance  of  the  hydrolyzed  polymer  in  solution.  The  concentration  of 
absorbing  species  can  be  calculated  from  the  equation  c  ■  —  for  each 
wavelength. 


3.  Microbial  Growth  Study 

Fungi  cultures  were  obtained  from  American  Type  Culture  Collec¬ 
tion,  Rockville,  Maryland.  Aspergillus  niger  strain  ATCC9642  and 
Aspergillus  flavus  strain  ATCC9643  were  used.  Each  fungus  was  subcul¬ 
tured  on  Sabouraud’s  dextrose  agar  or  on  potato  dextrose  agar.  Sub¬ 
cultures  were  maintained  at  room  temperature  (28-30°C)  for  21  days  and 
then  kept  in  the  refrigerator  at  0°C  until  needed. 

Preparation  of  Basal  Salt  Solution.  Stock  solutions: 

MnS04*7H20  25  mg/250  ml  distilled  water 

ZnS04*7H20  20  mg/100  ml 

FeS04«7H20  20  mg/100  ml 

NaCl  25  mg/ 50  ml 

Five  ml  of  each  of  these  stock  solutions  was  added  to  a  solution 

containing 

0.35  g  KH2P04 
0.35  g  K2HP04 
0.35  g  MgS04*7H20 

0.50  g  nh4no3 

and  this  was  made  up  to  500  ml  in  total  volume.  This  salt  solution  was 
sterilized  by  placing  in  an  oven  at  120°C  for  at  least  1  hour  before 
using. 

Preparation  of  Spore  Suspension.  The  fungal  spores  were  dis¬ 
lodged  with  a  sterilized  glass  rod  and  mixed  with  about  30  ml  sterilized 
basal  salt  solution.  The  mixture  was  filtered  through  sterilized  glass 
wool  into  centrifuge  test  tubes.  After  centrifugation,  the  supernatant 
was  discarded  and  15  ml  basal  salt  solution  was  added.  The  suspension 
was  centrifuged  again.  This  was  repeated  twice  more  and  then  the  spores 
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were  resuspended  in  about  50  ml  basal  salt  solution.  This  suspension 
can  be  stored  in  the  refrigerator  for  a  maximum  of  four  days.  The  con* 
centratlon  of  Aspergillus  niger  used  was  10^  spores/ml.  That  of  Asper¬ 
gillus  flavus  was  10^  spores/ml. 

General  Assay  Method  for  Fungal  Growth  Study.  Into  13  x  50  mm 
petri  dishes  was  weighed  0.1  g  of  each  powdered  polymer.  The  polymers 
were  sterilized  by  placing  the  petri  dishes  in  a  closed  container  satu¬ 
rated  with  formaldehyde  vapor  for  one-half  hour .  One  milliliter  of 
spore  suspension  was  added  to  each  petri  dish  and  the  samples  were  incu¬ 
bated  for  four  weeks  in  a  covered  container  at  high  relative  humidity 
and  a  temperature  of  28-30°C. 

A  piece  of  sterilized  filter  paper  in  a  petri  dish  was  used  as 
a  viability  control.  The  samples  were  prepared  in  duplicate  and  were 
checked  once  a  week.  At  the  end  of  four  weeks,  the  growth  on  the  sam¬ 
ples  was  rated  on  a  scale  of  1-4.  Coverage  of  10%  or  less  was  rated  1; 
coverage  of  10-30%,  2;  30-60%,  3;  and  60-100%  was  rated  4.  It  is 
difficult  in  these  tests  to  make  finer  distinctions  with  accuracy. 

4.  Photolysis 

Host  of  the  photolyses  were  accomplished  in  a  photochemical 
apparatus  from  Ace  Glass  Co.,  Vineland,  New  Jersey.  It  was  equipped 
with  a  side  arm  mechanical  stirrer,  an  inlet  for  introduction  of  a  gas 
such  as  nitrogen,  a  quartz  immersion  well  and  an  optional  Pyrex  7740 
sleeve.  A  450  watt  medium  pressure  mercury  vapor  lamp  from  Hanovia, 
Newark,  New  Jersey,  was  used  as  the  light  source. 

A  few  of  the  samples  were  irradiated  in  a  Rayonet  merry-go-round 
photochemical  apparatus  from  the  Southern  New  England  Ultraviolet  Co., 
Middletown,  Connecticut,  using  254  nm  light.  The  use  of  this  equipment 
will  be  mentioned  In  the  description  of  experiments. 
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Photolysis  of  model  (1).  In  290  ml  distilled  water  was  sus¬ 
pended  3.0  g  bis  heptanoamlde  of  ethylenedlamine.  Photolysis  was 
carried  on  in  a  photochemical  reactor  from  Ace  Glass  Co.  using  a  fused 
quartz  immersion  well  and  the  Hanovia  lamp.  The  reaction  was  allowed 
to  proceed  24  hours  in  the  presence  of  air.  The  recovered  solid 
weighed  2.78  g.  The  aqueous  filtrate  was  extracted  with  chloroform 
and  a  small  amount  of  yellow  solid  remained  on  evaporation  of  the  chloro¬ 
form.  High  resolution  mass  spectroscopy  showed  an  olefinic  product, 

CH2  -  CH  NHCO  (CH2)5CH3 

Calculated  for  CgH^NO:  155.1311. 

Observed  mass:  155.1311. 

Photolysis  of  model  (2).  In  50  ml  distilled  water  in  a  quartz 
tube  was  suspended  0.5  g  bis  heptanoamlde  of  1,2  propanediamine.  Air 
was  bubbled  into  the  tube  and  it  was  photolyzed  in  the  Rayonet  for  28 
hours.  The  model  compound  appeared  unchanged  when  filtered  and  dried. 

The  recovered  solid  weighed  0.41  g.  Extraction  of  the  aqueous  filtrate 
with  chloroform  and  evaporation  of  the  chloroform  yielded  a  small 
amount  of  solid.  High  resolution  mass  spectroscopy  on  the  sample  in¬ 
dicated  that  it  contained  the  olefinic  product,  CH2  -  CHCH2NHC0  (CH^^CHj 
(or  CH3CH  -  CH  NHCO  (CH^CH^. 

Calculated  for  ciqH19N0:  169.1467. 

Observed  mass:  169.1465. 

Photolysis  of  poly  (ethylene  sebacamide)  (3).  In  290  ml  dis¬ 
tilled  water  was  stirred  1.5  g  poly  (ethylene  sebacamide).  The  suspen¬ 
sion  was  photolyzed  36  hours  through  quartz.  The  recovered  solid 
weighed  1.48  g.  A  similar  quantity  was  stirred  in  water  for  measurement 
of  Viscosities  were  measured  at  39°C  in  m-cresol  Ini  ^  ■ 

InJp  -  0.24. 


0.36 
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This  polymer  (1.0  g)  was  also  photolyzed  through  pyrex  under 
nitrogen  for  36  hours  in  290  ml  distilled  water.  A  similar  quantity 
vas  also  stirred  in  water  for  measurement  of  [nlun* 

[nlun  *0.35  Ini p  “  0.30 

Photolysis  of  poly  (piperazine  sebacamide)  (4).  In  290  ml  dis¬ 
tilled  water  was  suspended  0.75  g  polyamide  (4).  The  photolysis  through 
quartz  proceeded  24  hours.  The  solid  recovered  weighed  0.72  g.  It  was 
Insoluble  in  »-cresol  and  was  thus  probably  crosslinked  by  the  ultra¬ 
violet  light. 

Photolysis  of  poly  (methylethylene  sebacamide)  (5) .  In  290  ml 
distilled  water  vas  suspended  0.75  g  polyamide  (5).  The  photolysis 
proceeded  24  hours  and  the  recovered  solid  weighed  0.66  g.  A  similar 
quantity  was  also  stirred  in  water  for  measurement  of  [nlun* 

Viscosities  were  measured  in  m-crescl  at  39°C. 

[nlun  -  0.57  [nip  -0.51. 

Photolysis  of  poly  (sebacoyl  2-methyl-l,2-propanediaalde)  (6). 

In  290  ml  hexane  was  suspended  1.5  g  polymer  (6).  Photolysis  proceeded 
24  hours.  An  equivalent  amount  of  polymer  was  stirred  in  hexane  24 
hours . 

Viscosities  were  obtained  In  m-cresol  at  39°C. 

[nlun  *  0.06  (nip  -  0.05. 

Photolysis  of  poly  (sebacoyl  2-hydroxy-l»3-propanediamlde)  (7). 

This  polymer  was  photolyzed  In  the  presence  of  air  for  24  hours 
in  distilled  water.  It  turned  yellow  and  was  insoluble  In  m-cresol. 
Indicating  again  that  crosslinking  had  probably  taken  place. 

Photolysis  of  poly  (phenylethylene  sebacamide)  (8).  In  75  ml 
distilled  water  in  a  quartz  tube  was  suspended  0.5  g  polymer.  The 
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suspension  was  photolyzed  48  hours  In  the  presence  of  air  using  254 
light  In  the  Rayonet.  The  recovered  polymer  weighed  0.38  g.  It 
appeared  to  be  crosslinked,  since  it  was  no  longer  soluble  in  N,N- 
dlmethylformamlde  or  other  common  solvents. 

Photolysis  of  Copoly  (L-phenylalanine  ethylene  glycol  ester- 
1,  6-dilsocyanatohexane)  (12).  This  polymer  (1.0  g)  was  photolyzed  24 
hours  in  290  ml  distilled  water  in  the  presence  of  air.  The  recovered 
polymer  weighed  0.92  g.  It  was  insoluble  in  common  polymer  solvents 
and  was  probably  crosslinked. 

Photolysis  of  poly  (dodecamethylene  tartrate)  (13).  This 
polymer  (0.75  g)  was  photolyzed  48  hours  in  290  ml  distilled  water  in 
the  presence  of  air.  The  recovered  polymer  weighed  0.61  g  and  was  in¬ 
soluble  in  m-cresol  and  other  common  polymer  solvents.  The  polymer  was 
probably  highly  crosslinked  because  the  unphotolyzed  polymer  was  solu¬ 
ble  in  chloroform. 

Photolysis  of  polyurethane  (14) .  In  290  ml  distilled  water  was 
stirred  2.0  g  polymer  (14).  After  photolysis  for  24  hours  in  the  pres¬ 
ence  of  air,  1.26  g  solid  was  recovered.  A  similar  amount  of  polymer 
(14)  was  stirred  in  water  24  hours  for  use  in  the  measurement  of  tnlun» 

Inlun  -  1.0 0  Inlp  -  0.80. 

Photolysis  of  model  compo  und  (37).  In  290  ml  aqueous  methanol 
(IX  water)  was  dissolved  0.3  g  model  (37).  Photolysis  through  pyrex 
was  allowed  to  proceed  12  hours  under  nitrogen.  Thin  layer  chromato¬ 
graphy  indicated  that  the  reaction  was  not  complete  after  6  hours  and 
that  there  was  little  change  after  12  hours.  The  solvent  was  evaporated 
and  the  residue  was  dissolved  in  methylene  chloride.  Separation  of 
components  of  the  product  mixture  was  attempted  on  a  short  silica  gel 
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column  using  solvents  of  increasing  polarity.  In  succession  were 
added:  75  ml  hexane,  75  ml  1:1  hexane/methylene  chloride,  100  ml 
methylene  chloride,  100  ml  chloroform,  75  ml  2:1  chloroform/methanol, 

75  ml  2:1  methanol/chloroform  and  125  ml  methanol.  p-Methoxyacetophe- 
none  was  eluted  in  the  methylene  chloride  and  chloroform  fractions. 
Mixtures  of  products  were  eluted  In  the  more  polar  solvents. 

The  p-methoxyacetophenone  was  submitted  for  analysis  by  mass 
spectroscopy. 

Calculated  for  cgH^Q°2:  150*0681. 

Observed  mass:  150.0680. 

Photolysis  of  model  (38).  Model  (38)  was  photolyzed  and  analy¬ 
zed  in  the  same  way.  The  p-methoxypropiophenone  was  submitted  for 
high  resolution  mass  spectral  analysis. 

Calculated  for  C^H^:  164.0837. 

Observed  mass:  164.0849. 

Photolysis  of  polyamines.  Each  polymer  (0.5  g)  was  dissolved 
in  2-3  ml  formic  acid  on  a  teflon  sheet.  The  formic  acid  was  allowed 
to  evaporate  3  days  at  50°C  at  atmospheric  pressure  and  3  days  under 
vacuum  at  50°C.  The  formic  acid  was  very  tenaciously  held.  Films  were 
photolyzed  24  hours,  ground  up  and  their  viscosities  obtained  in  m- 
cresol  at  38.4°C.  The  viscosities  of  the  photolyzed  polymers  were  com¬ 
pared  to  those  of  polymers  which  had  undergone  the  same  procedure  ex¬ 
cept  for  photolysis. 

Photolysis  of  model  compound  (54).  Model  (54)  (0.5  g)  was 
photolyzed  in  dry  ethanol  under  nitrogen  six  hours,  at  which  time  no 
starting  material  remained.  The  solvent  was  evaporated  and  the  sample 
was  redissolved  in  ethyl  acetate.  Extraction  with  1  N  potassium 
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carbonate  removed  the  expected  hexanolc  acid  product*  Neutralization 
with  2  N  HC1  and  extraction  with  ether  yielded  0.02  g  (16.67Z)  hexanoic 
acid.  The  ethyl  acetate  was  evaporated  and  the  residue  wa9  run  through 
a  short  silica  gel  column  using  4:1  chloroform/methanol  to  remove  any 
polymeric  products.  The  yield  of  the  residue  was  0.19  g  [76.00X, 
assuming  complete  conversion  to  bis  (acetyl)  diphenyl  ether].  The 
products  were  analyzed  by  high  resolution  mass  spectroscopy. 

Calculated  for  C^-H^O^:  116.0837. 

Observed  mass:  116.0831. 

Calculated  for  (®°noester):  368.1621. 

Observed:  368.1611. 

Calculated  for  (ether):  254.0943. 

Observed  mass:  254.0945. 

Photolysis  of  model  (55) .  This  model  compound  (0.63  g)  was 
photolyzed  as  for  the  previous  sample.  The  yield  after  ether  extrac¬ 
tion  was  0.09  g  (32.14Z)  hexanoic  acid.  After  purification  on  a  short 
column,  the  residue  weighed  0.24  g  [70.59Z,  assuming  complete  conver¬ 
sion  to  bis  (propionyl)  diphenyl  ether].  Samples  were  submitted  for 
analysis  by  high  resolution  mass  spectroscopy. 

Calculated  for  C24H,>805  (monoester):  396.1936. 

Observed  mass:  396.1929. 

Calculated  for  ClgH1803  (ether):  282.1255. 

Observed  mass:  282.1248. 

Photolysis  of  Polyesters.  Polyester  (46)  was  ground  up  and 
sifted  through  a  60  mesh  screen  and  used  in  the  following  experiments. 
The  irradiation  from  the  450  watt  Hanovia  lamp  was  filtered  through 
pyrex  in  each  case. 


TWo  grams  (46)  was  photolyzed  24  hours  in  aqueous  suspension 
in  the  presence  of  air.  A  similar  quantity  was  stirred  in  distilled 
water  24  hours  to  be  used  in  the  measurement  of  Wim*  The  solid  .re¬ 
covered  by  filtration  after  photolysis  weighed  1.89  g  (94. 5Z)  and  the 
solid  recovered  after  stirring  in  water  weighed  1.85  g  (92.5%).  The 
Intrinsic  viscosities  were  measured  in  m-cresol  at  38.4°C. 

-0.15  fo]p  -  0.16 

Polymer  (46)  (1.25  g)  was  also  photolyzed  in  aqueous  suspension 
under  nitrogen  24  hours.  The  recovered  solid  weighed  1.03  g  (82. 4%). 

Ini  -  o.i9. 

•Photolysis  of  (46)  (1.40  g)  in  anhydrous  ethanol  24  hours  also 
led  to  an  increase  in  the  intrinsic  viscosity.  The  recovered  solid 
weighed  1.19  g  (85.0%).  A  similar  quantity  was  stirred  in  dry  ethanol 
24  hours  for  measurement  of  [nlUn* 

(rriun-0.14  Inlp  "  0.17 

Polyester  (47)  (2  g)  was  photolyzed  through  quartz  in  anhydrous 
ethanol  24  hours  under  nitrogen.  The  recovered  solid  weighed  4.5  g  and 
was  extensively  crosslinked.  It  was  insoluble  in  m-cresol  and  did  not 
even  swell  in  that  solvent. 

B.  Synthesis 

All  melting  points  were  uncorrected  and  were  taken  on  a  Reichert 
hot  stage  microscope  or  on  a  Perkin— Elmer  Differential  Scanning  Calori¬ 
meter,  DSC-1B. 

Infrared  spectra  (ir)  were  recorded  on  a  Perkin-Elmer  Infracord 
Spectrophotometer. 

Nuclear  magnetic  resonance  spectra  (nmr)  were  recorded  on  a 
Varian  EM-360A.  Solvents  used  include  deuterated  chloroform  and 
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trifluoroacetic  acid.  Tetramethylsilane  was  used  as  an  Internal 
reference. 

Ultraviolet  spectra  were  recorded  on  a  Beckman  DB  Spectropho¬ 
tometer. 

Thin  layer  chromatography  (tic)  were  performed  on  0.25  mm  layers 
of  Silica  Cel  GF254  from  Merck,  Darmstadt,  Germany. 

Elemental  analyses  were  performed  by  Baron  Consulting  Co., 
Orange,  Connecticut. 

1.  Reagents 

The  following  reagents  were  obtained  from  Aldrich  Chemical  Co. 
Inc.,  Milwaukee,  Wisconsin:  bromoacetylbromide,  a-bromo-p-methoxyaceto- 
phenone,  2-bromopropionyl  chloride*  chloroacetyl  chloride,  2-chloropro- 
plonyl  chloride,  m-cresol,  1, 10-dec anedicarboxy 11c  acid,  deuterated 
chloroform,  1,6-dlisocyanatohexane,  N,N-dimethylacetamide,  N,N-di- 
methylf ormamlde ,  diphenyl  ether,  hexamethylphosphoramide,  2-methy 1-1,2- 
propanedlamine,  N-oethylpyrrolidone,  piperazine,  sebaclc  acid,  sebacoyl 
chloride,  suberic  acid,  trifluoroacetic  acid,  and  4,4-trimethylenedi- 
piperldine. 

The  following  chemicals  were  obtained  from  Eastman  Organic 
Chemicals,  Rochester,  New  York:  adipic  acid,  azelaic  acid,  2-bromopro- 
pionyl  bromide,  ethylenediamine  dihydrochloride  and  N-methylpyrrolidone. 

Hexanolc  acid  and  triethylamine  were  obtained  from  Matheson, 
Coleman  and  Bell,  East  Rutherford,  New  Jersey;  dibutyl  tin  diacetate 
from  Chemicals  Procurement  Laboratories,  College  Point,  New  York; 

Sabouraud's  and  dextrose  agar  from  Difco,  Detroit,  Michigan;  N,N?- 
dimethyl-1 , 3-propanediamine  from  Air  Products  and  Chemicals,  Allentown, 
Pennsylvania;  anhydrous  aluminum  chloride  from  Fisher  Scientific,  Fair 


72 


Lawn,  New  Jersey;  and,  lithium  carbonate  from  Mallinckrodt  Chemical 
Works,  New  York. 

Solvents  were  purified  by  recommended  procedures^  prior  to  use. 

2.  General  Synthetic  Procedures 

Note:  The  syntheses  are  arranged  according  to  procedure  and 
not  necessarily  in  the  order  in  which  they  appear  in  the  Results  and 
Discussion. 

47 

Preparation  of  poly(ethylene  sebacamide)  (3).  In  a  quart¬ 
sized  "Waring"  blender  were  dissolved  2.66  g  (0.02  mole)  ethylenediaoine 
dihydrochloride  and  3.2  g  (0.08  mole)  sodium  hydroxide  in  330  ml  dis¬ 
tilled  water.  At  low  blender  speed,  4.78  g  (0.02  mole)  sebacoyl  chloride 
in  250  ml  carbon  tetrachloride  was  added  quickly  and  the  speed  was  in¬ 
creased  to  high.  Blending  was  continued  for  two  minutes.  The  white 
precipitate  was  allowed  to  settle  overnight.  It  was  then  filtered, 
washed  with  methanol,  acetone  and  distilled  water  and  dried  in  the 
vacuum  oven  48  hours  at  50°C.  The  yield  was  3.13  g  (69.252).  (T^  ■ 

255°C  dec)  |nl  “  0.36  (m-cresol,  39°C) 

ir(KBr):  3400  cm"1  (NH);  3000  cm"1  (OH, acid);  1700  cm"1 

(C“0,acid);  1660  cm  1  (OO, amide) 

nmr(TFA)  6  8.6  (m,2,NH);  3.8  (m,4,NCH2);  2.67  (m,4,C0CH2); 

1.45  (m,12,CH2). 

Anal.  Calcd.  for  C12H22N202  (repeating  unit):  C,  63.72; 

H,  9.73;  N,  12.39. 

Found:  C,  57.77;  H,  8.97;  N,  10.09. 

Preparation  of  poly(plperazine  sebacamide)  (4).  This  polymer 
was  prepared  in  a  similar  manner  using  1.72  g  (0.02  mole)  piperazine, 

I. 6  g  (0.04  mole)  sodium  hydroxide  and  4.78  g  (0.02  mole)  sebacoyl 
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chloride.  The  yield  was  3.10  g  (61.021).  (TB  -  180°C  dec)  [nl  -  0.61 
(m-cresol,  39°C) 

ir(KBr) :  3300  cm"1  (NH);  2900  cm*1  (OH, acid);  1730  cm"1 

(C*0,acid);  1670  cm"1  (00,  amide). 

nmr(TFA)  6  4.08  (m,8,CH2);  2.72  (m,4,C0CH2) ;  1.5  (m,12,CH2) 

Anal.  Calcd.  for  (repeating  unit):  C,  66.67;  H, 

9.52;  K,  11.11. 

Found:  C,  67.50;  H,  9.66;  X,  10.97. 
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Preparation  of  poly(sebacoyl  2-methyl-l ,2-propanediamlde)  (6). 

In  a  three-necked  500  ml  round-bottomed  flask  equipped  with  a  mechani¬ 
cal  stirrer,  dropping  funnel  with  calcium  chloride  drying  tube  and  re¬ 
flux  condenser  was  dissolved  3.97  g  (0.045  mole)  2-methyl-l , 2-di amino- 
propane  in  50  nl  ethanol-free  chloroform.  A  mixture  of  11.1  g  (0.1 
mole)  trie  thy  laasine  in  10  nl  chloroform  was  added  with  stirring  in  an 
ice  bath.  Dropwise  addition  of  10.7  g  (0.045  mole)  sebacoyl  chloride 
in  10  ml  chloroform  produced  a  precipitate,  which  dissolved  as  the 
reaction  proceeded.  When  the  evolution  of  heat  subsided,  the  solution 
was  poured  Into  400  ml  hexane  and  a  precipitate  formed.  It  was  filtered 
and  washed  with  IS  HC1  50Z  acetone  and  distilled  water.  Washing  pro¬ 
duced  a  sticky  polymer  which  was  dried  in  the  vacuum  oven  48  hours  at 
50°C.  The  yield  was  4.79  g  (42.02Z).  (Tm  -  73-85°C)  [nl  -  .06 
(m-cresol,  39°C) 

ir(filn):  2600-3400  cm"1  (KH, OH, acid, broad) ;  1600-1700  cm  1 

(OO, amide, OO, acid, broad). 

nmr(TFA)  6  8.6,  8.85,  7.0  (KH,NH2) ;  3.85  (s,2,CH2);  2.6 

(n,4,CH2);  1.6  (m,12,CB2);  1.45  (s,6,CH3). 

Anal.  Calcd.  for  ci4H26S2°2  (repeating  unit):  C,  66.14;  H, 


10.24;  N,  11.02. 

Found:  C,  62.79;  H,  10.48;  N,  11.03. 

Preparation  of  4,4t-bls(chloroacetyl)diphenyl  ether  (151.  The 
synthesis  was  that  of  Neville  and  Mahoney.40  Into  a  500  ml  round- 
bottomed  flask  equipped  with  a  magnetic  stirrer,  dropping  funnel  and 
calcium  chloride  drying  tube  and  connected  to  the  aspirator  was  intro¬ 
duced  50  ml  methylene  chloride.  As  vigorous  stirring  was  maintained, 
58  g  (0.434  mole)  anhydrous  aluminum  chloride  and  43.4  g  (0.38  mole) 
chloroacetyl  chloride.  The  mixture  was  cooled  to  -10°C  in  a  sodium 
chloride  ice  bath.  A  solution  of  29.45  g  (0.173  mole)  diphenyl  ether 
In  20  ml  methylene  chloride  was  added  dropwise  over  30  minutes.  The 
mixture  was  allowed  to  warm  slowly  to  room  temperature  and  was  stirred 
for  a  total  of  24  hours.  The  mixture  was  poured  slowly  Into  200  g  ice 
in  the  hood.  A  pale  green  precipitate  formed.  Enough  methylene 
chloride  was  added  to  dissolve  the  precipitate  and  the  mixture  was 
transferred  to  a  separatory  funnel.  The  methylene  chloride  layer  was 
separated  and  the  aqueous  layer  was  extracted  with  a  small  amount  of 
methylene  chloride.  The  aqueous  layer  was  discarded  and  the  combined 
methylene  chloride  extracts  were  washed  with  distilled  water  until  the 
pH  of  the  water  layer  was  7.  The  methylene  chloride  layer  was  dried 
with  anhydrous  magnesium  chloride  and  evaporated.  A  gold  solid  re¬ 
mained.  The  bis (chloroacetyl) diphenyl  ether  was  recrystallized  three 
times  with  decolorizing  to  yield  32.82  g  (58.73X)  (15).  (m.p.  108- 

109.5;  lit40  114°C). 

ir(KBr) :  1690  cm"1  (C-0,s);  1590,  1500,  1000,  790  cm"1  (Ar); 

1200  cm"1  (C-0,b);  775  cm"1  (C-Cl,m). 

nmr(CDClj)  6  7.1-8.25  (q,8,Ar);  4.75  (s,4,CH3). 
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Anal.  Calcd.  for:  C^H^Cl^:  C,  59.44;  H,  3.72;  Cl,  21.98. 
Found:  C,  60.01;  H,  3.90;  Cl,  22.30. 

Preparation  of  4.4,-bls(bromoacetyl)dlphenyl  ether  (16).  This 
compound  was  prepared  as  above  using  43.42  g  (0.326  mole)  anhydrous 
aluminum  chloride  in  40  ml  CH2C12>  57.53  g  bromoacetyl  bromide  (0.285 
mole)  and  22.1  g  (0.13  mole)  diphenyl  ether  in  15  ml  methylene  chloride. 
The  yield  was  28.19  g  (52.69Z)  cream-colored  solid  (m.p.  117.5-120°C; 
lit49*50  121°C,  124°C) . 

ir(KBr):  1680  cm"1  (OO);  1590,  s,  1500,  m,  1000,  m  (Ar); 

1250  cm"1  (C-0) . 

nmr(CDCl3)  6  7. 2-8. 3  (q,8,Ar);  5  4.5  (s,4,CH2). 

Anal.  Calcd.  for:  ^6®12^r2^3:  46.60;  H,  2.91;  Br, 

38.83. 

Found:  C,  46.88;  H,  3.80;  Br,  39.20. 

Preparation  of  4,4*-bls(2-bromopropionyl)dlphenyl  ether  (17). 
This  compound  was  prepared  in  a  similar  manner  using  28.98  g  (0.22 
mole)  anhydrous  aluminum  chloride,  32.57  g  (0.19)  2-bromopropionoyl 
chloride  in  25  ml  methylene  chloride  and  14.73  g  (0.087  mole)  diphenyl 
ether  in  10  ml  methylene  chloride.  The  yield  was  23.79  g  (62.44Z)  pale 
yellow  solid,  (m.p.  106-112°C). 

ir(KBr) :  1690  cm"1  (C-0,s);  1580,  1495  cm"1  (Ar,s);  1210 

cm"1  (C-0,s) . 

nmr(CDCl3)  6  7. 1-8. 3  (q,8,Ar);  5.3  (q,2,CH);  1.9  (d,6,CH3). 

Anal.  Calcd.  for:  C^H^Br^:  C,  49.09;  H,  3.64;  Br,  36.36. 
Found:  C,  49.33;  H,  3.79;  Br,  36.79. 

Preparation  of  4 .4 '-bis (2-chloroproplonyl)dlphenyl  ether  (18). 
This  compound  was  prepared  as  above  using  80  g  (0.6  mole)  anhydrous 
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aluminum  chloride,  51.68  g  (0.41  mole)  2-chloropropionyl  chloride  and 
34  g  (0.2  mole)  diphenyl  ether.  The  yield  was  18.06  g  (25.732)  pale 
yellow  solid,  (m.p.  87.5-92. 5°C) 

ir(KBr) :  1700  cm"1  (C-0,s);  1590,  1500  cm"1  (Ar,s);  1200 

cm"1  (C-0,s);  775cm"1  (C-Cl,s). 

nmr(CDCl^)  6  7. 1-8.2  (q,8,Ar);  5.2  (q,2,CH);  1.85  (d,6,CH3). 

Anal.  Calcd.  for  C^Cl^:  C,  61.54;  H,  4.56;  Cl,  20.23. 

Pound:  C,  61.32;  H,  4.82;  Cl,  19.94. 

Preparation  of  2-brotDO-p-methoxyproplophenone  (39j.  This  com¬ 
pound  was  prepared  in  a  similar  manner  using  13.35  g  (0.01  mole)  anhy¬ 
drous  aluminum  chloride,  21.6  g  (0.01  mole)  2-bromopropionyl  bromide 
in  15  ml  methylene  chloride  and  10.8  g  (0.01  mole)  anisole  in  15  ml 
methylene  chloride.  The  yield  was  8.09  g  (33.292).  (m.p.  64.5-66.5°C; 

lit51  66-67°C) 

ir(NaCl) :  1650  cm"1  (00,8);  1500-1600,  1150,  1000,  850  cm"1 

(Ar);  1225  cm"1  (C-O,  s). 

nmr(CDCl3)  6  6. 8-8. 2  (q,4,Ar);  5.35  (q,l,CH);  3.95  (s,3,OCH3) 

1.95  (d,3,CH3). 

Anal.  Calcd.  for  C10HuBrO2:  C,  49.38;  H,  4.53;  Br,  32.92. 

Found:  C,  49.66;  H,  4.79;  Br,  32.41. 

Preparation  of  polvamlne  (19).  In  a  250  ml  Erlenmeyer  flask 
equipped  with  a  magnetic  stitrer  was  dissolved  3.23  g  (0.01  mole)  4,4*- 
bis (chloroace ty 1) d iphenyl  ether  and  1.72  g  (0.02  mole)  piperazine  in 
100  ml  hexamethylphosphoramide.  The  solution  was  placed  in  an  oil 
bath  and  heated  to  80°C.  That  temperature  was  maintained  for  one  hour 
and  then  the  flask  was  cooled  in  the  bath  and  allowed  to  sit  overnight. 
The  piperazine  hydrochloride  which  precipitated  was  filtered  off  and 
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the  filtrate  was  poured  into  1  l  acetone  with  stirring.  The  precipi¬ 
tated  polymer  was  filtered,  washed  with  acetone,  distilled  water  and 
0.5  M  ammonium  hydroxide  and  dried  under  vacuum  at  50°C  48  hours.  The 
yield  was  1.08  g  (32.14%).  (Tm  -  160°C  dec)  Ini  -0.21  (o-cresol, 

38.4°C) 

ir(KBr) :  2800  cm*1  (R2NH2+,s);  1700  cm"1  (C-0,s);  1200  cm"1 

(C-0, s) . 

nmr(TFA)  7.1-8. 3  (q,8,Ar);  5.2  (broads, 4, CH2) ;  4.2  (m,8,CH2). 

Anal.  Calcd.  for  C20H2()N203  (repeating  unit):  C,  71.43;  H, 

5.95;  N,  8.33. 

Found:  C,  59.01;  H,  5.62;  N,  7.46. 

Preparation  of  polyamlne  (20).  In  a  similar  manner  was  pre¬ 
pared  polyamine  (20)  using  9.69  g  (0.03  mole)  4,4'-bis(chloroacetyl) 
diphenyl  ether  and  5.17  g  (0.06  mole)  piperazine  in  100  ml  N-methylpyr- 
rolldone.  The  yield  was  6.52  g  (64.68%)  gold  solid.  (TB  •  165°C  dec) 

Irj]  -0.21  (m-cresol,  39°C) 

ir(KBr) :  2610-2780  cm"1  (R^+.s);  2400-2500  cm"1  (R3NH+,m); 

1680  cm"1  (CM0,s) ;  1540,  1495,  820-840  cm"1  (Ar) ;  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7.1-8. 3  (q,8,Ar);  5.25  (s,4,CH2);  3.9-4.65  (broad 

«,8,CH2). 

Anal.  Calcd.  for  <rePeaCin8  unlt>:  C,  71.43;  H, 

5.95;  N,  8.33. 

Found:  C,  63.43;  H,  6.16;  N,  8.04. 

Preparation  of  polyamlne  (21).  This  polymer  was  prepared  in  a 
similar  manner  using  6.46  g  (0.02  mole)  4,4’-bis(chloroacetyl)diphenyl 
ether,  1.72  g  (0.02  mole)  piperazine,  0.74  g  (0.01  mole)  lithium  car¬ 
bonate  and  200  ml  N-methylpyrrolidone.  The  yield  was  0.74  g  (11.01%) 


gold  polymer.  (Tn  -  175°C  dec)  tnl  “  0.24  (m-cresol,  39°C) 

nmr(TFA)  7.1-8.5  (q,8,Ar);  5.25  (s,4,CH2);  4.35  (m,8,CH2). 

Anal.  Calcd.  for ’  C20H20H2°3  (repeating  unit) :  C,  71.43;  H, 

5.95;  N,  8.33. 

Found:  C,  63.42;  H,  6.16;  K,  8.04. 

Preparation  of  polyamlne  (22).  This  polymer  was  prepared  In  a 
similar  manner  using  9.69  g  (0.03  mole)  4,4,-bis(chloroacetyl)diphenyl 
ether,  3.87  g  (0.045  mole)  piperazine  and  0.55  g  (0.0075  mole)  lithium 
carbonate  in  200  ml  N-methylpyrrolidone.  The  yield  was  3.55  g  (35.22Z). 
(T^  -  180°C  dec)  [nl  -  0.29  (m-cresol,  39°C)  -  1900. 

ir(KBr) :  2550-2975  cm-1  (R2NH2+,s);  2350-2550  cm  1  (R^NH.rn); 

1690  cm"1  (C«0,s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 6  (q,8,Ar);  5.3  (s,4,CH2>;  4.3  (m,8,CH2). 

Anal.  Calcd.  for  C20H2qN2O3  (repeating  unit):  C,  71.43;  H, 

5.95;  N,  8.33. 

Found:  C,  65.66;  H,  5.87;  N,  8.33. 

Preparation  of  polyamlne  (23).  Polyamine  (23)  was  prepared  in 
a  similar  manner  using  9.69  g  (0.03  mole)  4,4,-bis(chloroacetyl)di- 
phenyl  ether,  2.58  g  (0.03  mole)  piperazine  and  0.55  g  (0.0075  mole) 
lithium  carbonate  in  200  ml  N.N-dimethylacetamide.  The  yield  was  0.28 g 
(2.78Z)  gold  polymer.  (Ta  -  200°C  dec) 

ir(KBr):  3300  cm"1  (R2NH,m);  2350-3000  cm"1  (R^Ntf4", R2NH^" »m-s) 

1700  cm"1  (C-0,s);  1210  cm"1  (C-0,s). 

nmr(TFA)  6  7.1-8. 3  (q,8,Ar);  5.25  (s,4,CH2);  3. 8-4. 6  (m,8,CH2). 
Anal.  Calcd.  for  C20H2()N2O3  (repeating  unit):  C,  71.43;  H, 

5.95;  N,  8.33. 

Found:  C,  61.26;  H,  5.91;  N,  6.90. 
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Preparation  of  polyamlne  (28).  In  a  similar  manner  was  pre¬ 
pared  polyamine  (28)  using  9.69  g  (0.03  mole)  4,4,-bis(chloroacetyl)- 
diphenyl  ether,  6.12  g  (0.06  mole)  N.N’-dimethyl-l.S-propanediamine 
and  150  ml  hexamethylphosphoramide.  The  yield  was  2.0  g  (18.942)  gold 
polymer.  (Tn  -  140°C  dec)  Enl  -  0.10  (m-cresol,  38.4°C) 

ir(KBr):  2800-2950  cm”1  (R2NH2+,s);  2350-2550  cm’1  (R;JNH+  ,m) ; 

1700  cm’1  (00,8);  1200  cm’1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 5  (q,8,Ar);  5.0  (s,4,CH2);  2. 2-4.0  (broad, 

12,CH2,CH^). 

Anal.  Calcd.  for  (repeating  unit):  C,  71.59;  H, 

6.82;  N,  7.95. 

Found:  C,  62.72;  H,  6.61;  N,  7.68. 

Preparation  of  polyamine  (30).  Polyamine  (30)  was  prepared  in 
a  similar  manner  using  9.69  g  (0.03  mole)  4, 4* -bis (chloroacetyl) di¬ 
phenyl  ether,  12.62  g  (0.06  mole)  4,4,-trinethylenedipiperidine  in 
200  ml  N-me thy lpy rr o 1 id one .  The  yield  was  10.52  g  (76.18%).  (Tffl  - 
130°C  dec)  [n]  «  0.21  (m-cresol,  38.4°C) 

ir(KBr) :  2550-2950  cm"1  (R2NH2+,s);  2450-2550  cm"1  (R3NH+,m); 

1710  cm"1  (C-0,s);  1200  cm"1  (C-0,s). 

nmr(TFA)  7. 1-8. 3  (q,8,Ar);  4.85  (s,4,CH2);  2. 7-4.1  (m,8,CB2); 

1.1-2. 4  (m,16,CH2). 

Anal.  Calcd.  for  (repeating  unit):  C»  75.65;  H, 

7.83;  N,  6.09. 

Found:  C,  72.87;  H,  8.11;  N,  6.09. 

Preparation  of  polyamlne  (24).  In  a  three-neclced  500  ml  round- 
bottomed  flask  equipped  with  a  nitrogen  inlet  and  a  magnetic  stirrer 
were  dissolved  9.69  g  (0.03  mole)  4,4’-bis(chloroacetyl)diphenyl  ether 
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and  3.87  g  (0.045  mole)  piperazine  in  200  ml  N-methylpyrrolidone.  The 
mixture  was  stirred  and  0.55  g  (0.0075  mole)  lithium  carbonate  was 
added.  The  flask  was  heated  to  90°C  in  an  oil  bath  and  that  tempera¬ 
ture  was  maintained  for  three  hours.  The  flask  was  cooled  in  the  bath 
under  nitrogen  and  was  allowed  to  sit  overnight  at  room  temperature. 

The  solid  precipitate  was  filtered  off  and  the  filtrate  was  poured  with 
stirring  into  approximately  3.5  i  acetone.  The  polymer  was  filtered, 
washed  with  acetone,  0.5  M  ammonium  hydroxide  and  distilled  water  and 
dried  48  hours  at  50°C  under  vacuum.  The  yield  was  5.66  g  (56.152). 

(Ta  -  160°C  dec)  [nl  -  0.12  (m-cresol,  38.4°C) 

ir(KBr) :  2450-2820  cm*1  (l^NH^I^NH^m-s) ;  1700  cm-1  (C«0,s) 

1590  cm*1  (Ar,s) ;  1200  cm*1  (C-O.s). 

nmr(TFA)  6  7.2-8. 5  (q,8,Ar);  5.2  (s,4,CH2);  4.25  (m,8,CH2). 

Anal.  Calcd.  for  C20H2()N203  (repeating  unit) :  C,  71.43;  H, 
5.95;  H,  8.33. 

Found:  C,  60.59;  H,  6.00;  N,  6.88. 

Preparation  of  polyamine  (25).  Polyamine  (25)  was  prepared  by 
a  similar  procedure  using  1.94  g  (0.006  mole)  4,4*-bis(chloroacetyl) 
diphenyl  ether,  0.77  g  (0.009  mole)  piperazine  and  0.27  g  (0.003  mole) 
lithium  carbonate  in  50  ml  N-methylpyrrolidone.  The  yield  was  1.24  g 
(61.392).  (Tm  -  150°C  dec)  [ol  -  0.14  (m-cresol,  38.4°C) 

ir(KBr):  2300-2900  cm"1  (R^NH* »R2NH2+,m-s) ;  1700  cm*1  (O0,s) 

1570,  1490  cm"1  (Ar) ;  1210  cm"1  (C-0,s). 

nmr(TFA)  6  6. 9-8. 4  (q,8,Ar);  5.2  (s,4,CH2);  3. 5-4. 8  (m,8,CH2> 

Anal.  Calcd.  for  C 2oH2oN203  <rePeatin8  unlt>:  c»  71*43i  K» 
5.95;  N,  8.33. 

Found:  C,  66.13;  H,  5.97;  N,  8.60. 
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Preparation  of  polyamlne  (26) .  This  polymer  was  prepared  In  a 
similar  manner  using  1.94  g  (0.006  mole)  4,4,-bis(chloroacetyl)dlphenyl 
ether,  0.57  g  (0.0066  mole)  piperazine  and  1.33  g  (0.0132  mole)  tri- 
ethylamine  in  50  ml  N-methylpyrrolidone.  Heating  was  continued  for 
24  hours.  The  yield  was  1.69  g  (83.66Z).  (T^  *  160°C  dec)  In]  “  0.22 

(m-cresol,  38.4°C) 

lr(KBr):  2340-2900  cm”1  (R3NH+,R2NH2+,m-s) ;  1690  cm”1  (O0,s); 

1580,  1505  cm”1  (Ar,s);  1200  cm”1  (C-0,s). 

nmr(TFA)  6  7.1-8. 4  (q,8,Ar);  5.2  (s,4,CH2);  3.7-4. 6  (m,8,CH2). 

Anal.  Calcd.  for  C20H20N2°3  (repeating  unit):  C,  71.43;  H, 
5.95;  N,  8.33. 

Pound:  C,  65.83;  H,  5.75;  N,  8.26. 

Preparation  of  polyamlne  (27).  This  polymer  was  prepared  in  a 
similar  manner  using  1.94  g  (0.006  mole)  4,4'-bis(chloroacetyl)diphenyl 
ether,  0.77  g  (0.009  mole)  piperazine  and  0.11  g  (0.0015  mole)  lithium 
carbonate  in  50  ml  N-methylpyrrolidone.  Heating  was  continued  for  24 
hours.  The  yield  was  0.91  g  (45.05Z).  (Tm  -  150°C  dec)  Ini  -  0.17 
(m-cresol,  38.4°C) 

ir(KBr) :  3400  cm"1  (NH,m);  2320-2900  cm"1  ^NH+.R^^.m-s) ; 

1690  cm"1  (OO.s);  1590,  1515  cm"1  (Ar,s);  1210  cm"1  (C-0,s). 

nmr(TFA)  5  7. 2-8.9  (q,8,Ar);  5.2  (s,4,CH2);  4.0-5. 7  (m,8,CH2). 

Anal.  Calcd.  for  C20H20N2°3  (repeating  unit):  C,  71.43;  H, 
5.95;  N,  8.33. 

Found:  C,  69.91;  H,  6.21;  N,  8.60. 

Preparation  of  polyamlne  (29).  This  polymer  was  prepared  in  a 
similar  manner  using  9.69  g  (0.03  mole)  4,4,-bis(chloroacetyl)diphenyl 
ether,  4.59  g  (0.045  mole)  N.N’-dimethylpropanediamine  (fractionally 


distilled)  and  0.55  g  (0.0074  mole)  lithium  carbonate  in  200  ml  N- 
methylpyrrolidone.  The  yield  was  4.68  g  (44.322).  (TB  “  180°C  dec). 
This  polymer  was  insoluble  in  m-cresol.  The  presence  of  trace  amounts 
of  primary  amine  would  cause  crosslinking. 

ir(KBr):  2390-2920  cm”1  R2NH2+,m-s) ;  1670  cm"1  (C-0,s) ; 

1580,  1495  cm"1  (Ar,s);  1210  cm"1  (C-0,s). 

nmr(TFA)  7.1-8. 8  (q,8,Ar);  5.1  (s,4,CH2);  2.1-4. 3  (m,12, 

ch2,cb3>. 

Anal.  Calcd.  for  C21H24N2°3  <rePeatin*  c»  71.59;  H, 

6.82;  N,  7.95. 

Found:  C,  69.54;  H,  6.02;  N,  5.07. 

Preparation  of  polvamine  (31).  This  polymer  was  prepared  in  a 
similar  manner  using  9.69  g  (0.03  mole)  4, 4 f-bis(chloroacetyl) diphenyl 
ether,  9.47  g  (0.045  mole)  4,4'-trimethylenedipiperidine  and  0.55  g 
(0.0074  mole)  lithium  carbonate  in  200  ml  N-methylpyrrolidine.  The 
yield  was  10.03  g  (72.682).  (Tffl  -  150°C  dec  )  [nl  *0.15  (m-cresol, 
38.4°C)  Mn  -  1600 

ir(KBr) :  2400-2900  cm"1  (R3NH+,R2NH2+,o-s) ;  1695  cm"1  (C*0,s); 

1580,  1500  cm"1  (Ar,s);  1210  cm"1  (C-0,s). 

nmr(TFA):  6  7. 1-8. 4  (q,8,Ar);  4.8  (s,4,CH2);  2. 8-4.1  (m,8,CH2) 

1.0-2. 4  (m,16,CH2). 

Anal.  Calcd.  for  (repeating  unit):  C,  75.65;  H, 

7.83;  N,  6.09. 

Found:  C,  71.06;  H,  6.52;  N,  5.86. 

Preparation  of  polvamine  (32).  Polyamine  (32)  was  prepared  in 
a  similar  manner  using  8.24  g  (0.02  mole)  4,4,-bis(broooacetyl)diphenyl 
ether,  2.58  g  (0.03  mole)  piperazine  and  0.37  g  (0.005  mole)  lithium 
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carbonate  in  150  ml  N-methylpyrolidone.  Heating  was  continued  for  24 
hours.  The  yield  was  4.08  g  (60.71%).  <Tm  «  155°C)  [n]  -0.20  (m-cre- 

sol,  38.4°C) 

ir(KBr):  2400-2900  cm"1  (^NH+.^NH^m-s) ;  1700  cm"1  (C«0,s); 

1580  cm"1  (Ar);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 4  (q,8,Ar);  5.2  (s,4,CH2);  3. 8-4. 8  (m,8,CH2). 

Anal.  Calcd.  for  C20H2{)N2G3  (repeating  unit):  C,  71.43;  H, 

5.95;  N,  8.33. 

Found:  C,  66.38;  H,  6.09;  N,  8.28. 

Preparation  of  polvamlne  (33).  This  polymer  was  prepared  in  a 
similar  manner  using  8.24  g  (0.02  mole)  4, 4'-bis(bromoacetyl) diphenyl 
ether,  6.31  g  (0.03  mole)  trimethylenedipiperidine  and  0.37  g  (0.005 
mole)  lithium  carbonate  in  150  ml  N-methylpyrrolidone.  Heating  was 
continued  for  24  hours.  The  yield  was  7.05  g  (76.63%).  (Tm  *  200°C 
dec)  tnl  -0.21  (m-cresol,  38.4°C) 

ir(KBr):  2300-2900  cm"1  (R3NH+, R2NH2+,m-s) ;  1690  cm”1  (C-0,s) ; 

1580,  1500  cm'1  (Ar,s);  1220  cm"1  (C-0,s). 

nmr(TFA)  6  7.1-8.55  (q,8,Ar);  4.9  (s,4,CH2);  3.0-4. 2  (m,8,CH2); 

1.0-2. 8  (m,16,CH2). 

Anal.  Calcd.  for  C^H^N^  (repeating  unit):  C,  75.65;  H, 

7.83;  N,  6.09. 

Found:  C,  69.36;  H,  7.93;  N,  5.58. 

Preparation  of  polyamlne  (34).  This  polymer  was  prepared  in  a 
similar  manner  using  8.8  g  (0.02  mole)  4,4*-bis(2-bromopropionyl)di- 
phenyl  ether,  2.58  g  (0.03  mole)  piperazine  and  0.37  g  (0.005  mole) 
lithium  carbonate  in  150  ml  N-methylpyrrolidone.  Heating  was  continued 
for  24  hours.  The  yield  was  2.25  g  (30.91%.  (Tm  *  140°C  dec) 
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Ini  ■  CX09  (m-cresol,  38.4°C). 

ir(KBr) :  2300-2900  cm*1  '(R3NH+tR2NH2+,m-s) ;  1690  cm"1  (C-0,s); 

1580,  1495  cm"1  (Ar,s);  1210  cm"1  (C-0,s). 

nar(TFA)  6  7.15.8.45  (q,8,Ar);  5.5  (m,2,CH);  4.15  (m,8,CH2); 

1.9  (d,6,CH3). 

Anal.  Calcd.  for  C22H24N2°3  (repeating  unit):  C,  92.53;  H, 
6.59;  N,  7.69. 

Found:  C,  66.15;  H,  6.89;  N.  8.06. 

Preparation  of  polyamtne  (35).  Polyamine  (35)  was  prepared  in 
the  same  way  using  8.8  g  (0.02  mole)  4,4'-bis(2-bromopropionyl)diphenyl 
ether,  6.31  g  (0.03  mole)  4,4f-trimethylenedipiperidine  and  0.37  g 
(0.005  mole)  lithium  carbonate  in  150  ml  N-methylpyrrolidone.  Heating 
was  continued  for  24  hours.  The  yield  was  6.88  (70.49%).  (T^  ■  170° 

dec)  In]  *<115  (m-cresol,  38.4°C) 

ir(KBr) :  2300-2900  cm"1  (^NH+.I^NH^.m-s) ;  1670  cm"1  (C-0,s); 

1590,  1495  cm"1  (Ar,s);  1210  cm'1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 6  (q,8,Ar);  5.2  (m,2,CH2);  2. 8-4. 3  (m,8,CH2); 
0.8-2. 8  (m,22,CH2,CH3). 

Anal.  Calcd.  for  (repeating  unit);  C,  76.23;  H, 

8.20;  N,  5.74. 

Found:  C,  69.89;  H,  8.19;  N,  5.56. 

Preparation  of  poly (amine-urea)  (36).  To  100  ml  dry  N-methyl¬ 
pyrrolidone  in  a  500  ml  round-bottomed  flask  equipped  with  nitrogen 
inlet,  calcium  chloride  drying  tube  and  magnetic  stirrer,  was  added  4  g 
polyamine  (30),  1.0  g  (0.006  mole)  1,6-diisocyanatohexane  and  5  drops 
dibutyl  tin  dlacetate.  The  mixture  was  heated  24  hours  under  nitrogen 
at  80°C  and  then  cooled  under  nitrogen.  The  solution  was  poured  into 
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approximately  1  l  distilled  water  with  stirring.  The  polymer  was 
allowed  to  settle,  was  filtered  and  washed  with  distilled  water.  It 
was  dried  under  vacuum  48  hours  at  50°C.  The  yield  was  4.22  g  pale 
yellow  polymer.  (Tm  -  140°C  dec).  This  polymer  could  not  be  completely 
dissolved  by  trifluoroacetic  acid  or  m-cresol.  Mq  ■  1800. 

ir(KBr):  3600  cm”1  (NH,m);  1620-1760  cm”1  (00,8, ketone, 

acid, urea). 

nmr(TFA)  S  7.1-8. 5  <q,8,Ar);  4.85  (s,4,CH2);  2. 8-4. 2  (m,CH2); 

0.9-2. 6  (m,CH2). 

Anal.  Found:  C,  67.05;  H,  7.45;  N,  8.36.  Based  on  nitrogen 
analysis,  there  are  one  to  two  diisocyanate  units  for  every  repeating 
unit  of  polyamine  (30) . 

Preparation  of  extended  polyester  (53).  This  polymer  was  pre¬ 
pared  in  a  similar  way  using  2  g  polyester  (44),  0.5  g  (0.003  mole) 

1 , 6-diisocyanatohexane ,  100  ml  dry  H-methylpyrrolidone  and  5  drops 
triethylamine .  The  yield  was  1.91  g  tan  polymer.  (Tm  -  180-187°C) 

In]  ■  0.64  (m-cresol,  38.4°C) 

ir(KBr) :  3300  cm”1  (NH,m) ;  1630-1750  cm”1  (O0,s,ketone, 

mixed  anhydride,  acid). 

nmr(TFA)  6  7. 1-8. 3  (q,8,Ar);  5.7  (s,4,CH20);  4.9  (s,CH2Cl); 

1. 4-4.1  (m,CH2). 

Anal.  Found:  C,  67.89;  H,  5.87;  N,  1.50.  Based  on  nitrogen 
analysis,  there  is  one  diisocyanate  unit  incorporated  for  every  four 
repeating  units  of  polymer  (44). 

Preparation  of  model  compound  (37).  In  a  100  ml  round-bottomed 
flask  were  mixed  8  g  a-bromo-p-methoxy acetophenone  (0.035  mole),  3.01  g 
(0.035  mole)  piperazine  in  35  ml  N-methylpyrrolidone.  The  flask  was 


wanned  on  the  steam  bath  for  6  hours  and  the  contents  were  poured  into 
300  ml  0.5  M  anmoniua  hydroxide  with  stirring.  The  solid  was  filtered, 
washed  with  distilled  water  and  dried  under  vacuum  48  hours  at  50°C. 

The  yield  was  1.48  g  (22.1 21).  (m.p.  145-154°C) 

ir(KBr) :  2800  cm*1  (CH^.s);  1700  cm*1  (C»0,s);  1590  cm*1 

(Ar,s) ;  1250  cm*1  (CH3OAr,s). 

nmr(TFA)  6  6.75-8.25  (q,8,Ar);  3.9  (s,6,CH30);  3.8  (s,4,CH2); 

2.75  (s,8,CH2). 

Anal.  Calcd.  for  C,  69.11;  H,  6.81;  N,  7.33. 

Found:  C,  69.31;  H,  6.75;  N,  7.38. 

Preparation  of  model  compound  (38).  This  material  was  prepared 
in  two  ways.  (1)  In  the  first  method  an  attempt  was  made  to  prepare 
O-chloro-p-methoxypropiophenone.  The  procedure  was  similar  to  that 
used  for  4,4'-bis(chloroacetyl)diphenyl  ether  (15)  using  12.1  g  (0.09 
mole)  anhydrous  aluminum  chloride,  11.5  g  (0.09  mole)  2-chloropropionyl 
chloride  and  9.78  g  (0.09  mole)  anisole  in  20  ml  methylene  chloride. 
This  compound  is  a  low  melting  material,  which  could  not  be  recrystal¬ 
lized  and  is  also  a  SEVERE  skin  irritant.  It  was  thus  used  as  is  in 
the  following  procedure.  This  material  (assuming  50Z  yield),  as  well 
as  3.5  g  (0.04  mole)  piperazine  was  dissolved  in  40  ml  N-methylpyrroli- 
done  and  warmed  on  the  steam  bath  12  hours.  The  resulting  slurry  was 
poured  into  300  ml  0.5  M  ammonium  hydroxide  with  stirring.  An  oil 
formed,  which  on  drying  under  vacuum  48  hours  at  50°C,  became  solid. 

It  was  recrystallized  three  times  from  2-propanol  to  yield  0.61  g 
(7.44Z)  cream-colored  solid,  (m.p.  138-145°C). 

Anal.  Calcd.  for  C^H^N^:  C,  70.24;  H,  7.32;  N,  6.83. 

Found:  C,  69.96;  H.  7.47;  N,  6.63. 


(2)  The  procedure  above  in  N-methylpyrrolidone  was  repeated 
using  4.86  g  <0.02  mole)  a-bromo-p-methoxypropiophenone  (39),  1.72  g 
(0.02  mole)  piperazine  and  25  ml  N-methylpyrrolidone.  The  yield  was 
0.88  g  (21.462).  (m.p.  132-138°C) 

ir(KBr):  2800  cm"1  (CH2Ntm);  1660  cm"1  (C-0,s);  1590  cm"1 

(Ar,a);  1240  cm"1  (C-0,s). 

nmr(CDCl3)  6  6. 7-8. 3  (q,8,Ar);  3.9  (s, q, 8,0^0, CHN) ;  2.6 

(s,8,CH2);  1.25  (df6,CH3). 

Anal.  Calcd.  for  C^H^N^:  C,  70.24;  H,  7.32;  N,  6.83. 

Found:  C,  70.06;  H,  7.45;  N,  6.74. 

Preparation  of  polyester  (39).  Into  a  250  ml  Erlenmeyer  flask 
were  introduced  6.46  g  (0.02  mole)  4,4'-bis(chloroacetyl)diphenyl 
ether,  3.32  g  (0.02  mole)  terephthalic  acid,  4.04  g  (0.04  mole)  tri- 
ethylamine  and  150  ml  N,N-dimethylformamide.  The  mixture  was  swirled 
until  all  dissolved  and  the  flask  was  placed  in  the  refrigerator  for 
48  hours.  The  slurry  which  formed  was  poured  into  1  2  iced  water  with 
stirring.  The  precipitate  was  allowed  to  settle  overnight  and  was 
collected  with  suction.  It  was  washed  with  distilled  water  and  acetone 
and  dried  in  vacuo  at  50°C  48  hours.  The  yield  was  5.98  g  (71.882). 

(TB  -  230-260°C) 

ir(KBr):  1695  cm"1  (C0,s,ketone) ;  1705  cm"1  (C-0,s,ester) ; 

1590,  1500  cm"1  (Ar,s);  1215  cm"1  (C-0,s). 

nmr(TFA)  6  8.5  (s,4,Ar);  7. 1-8. 5  (q.8,Ar);  6.0  (s, 4,0^0); 

4.95  (s,CH2Cl). 

Anal.  Calcd.  for  C^H^Oj  (repeating  unit):  C,  69.23;  H, 

3.85. 

Found:  C,  68.09;  H,  4.21. 
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Preparation  of  polyester  (40).  In  a  similar  manner  was  prepared 
polyester  (40)  using  6.46  g  (0.02  mole)  4 ,4* -bis (chloroacetyl) diphenyl 
ether,  2.92  g  (0.02  mole)  adipic  acid  and  4.04  g  (0.004  mole)  tri- 
ethylamine  in  150  ml  N,N-dimethylformamide.  The  yield  was  6.18  g 
(78.032) .  (Tm  -  155°C)  Ini  -  0.12  (m-cresol,  38.4°C) 

ir(KBr):  1700  cm i”1  (C-0, s, ketone) ;  1730  cm  1  (C-0, s, ester) ; 

1590  cm”1  (Ar);  1210  cm-1  (C-O, s). 

nmr(TFA)  <5  7.1-8. 3  (q,8,Ar);  6.7  (s,4,CH20);  4.9  (s.Ci^Cl); 

2.75  (m,4,CH2);  1.9  (m,4,CH2). 

Anal.  Calcd.  for  (rePeatln8  unit):  C,  66.67;  H,  5.05. 

Found:  C,  66.50;  H,  5.30. 

Preparation  of  polyester  (41).  Polyester  (41)  was  prepared  in 
the  same  way  using  6.46  g  (0.02  mole)  4,4,-bis(chloroacetyl)diphenyl 
ether,  2.92  g  (0.02  mole)  adipic  acid  and  4.04  g  (0.04  mole)  tri- 
ethylamine  in  150  ml  N-methylpyrrolidone.  The  yield  was  6.66  g  (84.092). 
(Tb  ■  165°C)  Ini  *0.20  (m-cresol,  38.4°C) 

ir(KBr) :  1685  cm”1  (C-0, s, ketone) ;  1740  cm”1  (C-0, s, ester) ; 

1580  cm”1  (Ar);  1200  cm”1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 4  (q,8,Ar);  5.7  (s,4,CH20);  4.9  (s,CH2Cl); 

2.8  (m,4,CH2);  1.95  (m,4,CH2). 

Anal.  Calcd.  for  <rePeatln8  unit)2  c»  66.67;  H,  5.05. 

Found:  C,  65.37;  H,  5.34. 

Preparation  of  polyester  (42).  This  polymer  was  prepared  in 
the  same  way  using  6.46  (0.02  mole)  4,4’-bis(chloroacetyl)diphenyl 
ether,  4.04  g  (0.02  mole)  sebacic  acid  and  4.04  g  (0.04  mole)  triethy- 
lamine  in  150  ml  N,N-dimethylformamide.  The  yield  was  7.3  g  (80.752). 

(Tm  -  165°C)  Ini  *0115  (m-cresol,  38.4°C). 


-  89  : 

ir(KBr) :  1690  cm"1  (C*0,a,k«*tone) ;  1750  cm"1  (C»0,s ,ester) ; 

1590  cm"1  (Ar.s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7.1-8. 3  (q,8,Ar);  5.7  (s,4,CH20);  4.85  (s,CH2Cl)i 

2.7  (m,4,CH2)i  1.5  (m,12,CH2). 

Anal.  Calcd.  for  C26H2g07  (repeating  unit):  C,  69.03;  H,  6.19. 

Found:  C,  67.36;  H,  6.28. 

Preparation  of  polyester  (43).  In  the  same  way  was  prepared 
polyester  (43)  using  6.46  g  (0.02  mole)  4,4*-bis(chloroacetyl)diphenyl 
ether,  3.76  g  (0.02  mole)  azelalc  acid  and  4.04  g  (0.04  mole)  triethyla- 
mine  In  150  ml  N-methylpyrrolidone.  The  yield  was  7.87  g  (89.842). 

<T^»  145-1 65° C)  [nl  -<121  (m-cresol,  38.4°C) 

ir(KBr):  1700  cm"1  (O0,s, ketone) :  1750  cm"1  (OO, s, ester) ; 

1590,  1510  cm"1  (Ar.s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 4  (q,8,Ar);  5.7  (s,4,CH20);  4.9  (s,CH2Cl); 

2.75  (m,4,CH2);  1.7  (m,10,CH2). 

Anal.  Calcd.  for  (repeating  unit):  C,  68.49;  H,  5.94. 

Found:  C,  68.43;  H,  6.09. 

Preparation  of  polyester  (44).  In  a  three-necked  round-bottomed 
flask  equipped  with  a  nitrogen  Inlet  and  a  magnetic  stirrer  were  mixed 
6.46  g  (0.02  mole)  4,4'-bis(chloroacetyl)diphenyl  ether,  2.92  g  (0.02 
mole)  adipic  acid  and  4.44  g  (0.044  mole  -  102  excess)  triethylamine  in 
150  ml  N-methylpyrrolidone.  The  flask  was  heated  in  an  oil  bath  to  80°C 
and  maintained  at  that  temperature  for  18  hours.  The  flask  was  cooled 
under  N2  and  the  solution  was  poured  into  approximately  1.5  l  iced 
water  with  stirring.  The  pale  yellow  polymer  gradually  settled  and 
was  filtered.  It  was  washed  with  water  and  acetone  and  dried  under 
vacuum  48  hours  at  50°C.  The  yield  was  4.60  g  (58.082).  (Tm  -  180°C) 
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Ini  *0.24' (m-cresol,  38.4°C) 

ir(Kfir) :  1695  cm-1  (C-0, s. ketone) ;  1715  cm”1  (C-0, s, ester); 

1585  cm”1  (Ar.s);  1200  cm”1  (C-0,s). 

nmr(TFA)  6  7. 1-8.4  (q,8,Ar);  5.7  (s,4,tH20);  4.85  (s.Ci^Clj); 

2.75  (m,4.CH2);  1.9  (m,4,CH2). 

Anal.  Calcd.  for  ^2^2Q°1  <rePeatln8  unit):  C,  66.67;  H,  5.05. 
Found:  C*  66.43;  H,  5.27.  r 

Freparatlon  of  polyester  (45).  This  polyester  was  prepared  in 
a  similar  manner  using  9.69  g  (0.03  mole)  4, 4'-b is (chloroacetyl) diphenyl 
ether.  5.23  g  (0.03  mole)  suberic  acid  and  6.66  g  (0.066  mole)  triethyl- 
amine  in  200  ml  N-methylpyrrolidone.  The  yield  was  9.53  g  (74.922). 

(Tju  -  145°C)  (nl  -  0.08  (m-cresol,  38.4°C) 

ir(KBr):  1690  cm”1  (C-0, 8. ketone) ;  1750  cm”1  (C-0, s, ester) ; 
1585  cm”1  (Ar,s) ;  1200  cm”1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 4  (q,8,Ar);  5.7  (s,4,CH20);  4.9  (s.CH^l). 

Anal.  Calcd.  for  C24H2407  (repeating  unit):  C,  67.92;  H,  5.66. 
Found:  C.  66.91;  H,  5.70. 

Preparation  of  polyester  (46).  The  procedure  above  was  re¬ 
peated  with  9.69  g  (0.03  mole)  4,4’-bis(chloroacetyl)diphenyl  ether, 

6.06  g  (0.03  mole)  sebacic  acid  and  6.66  g  (0.066  mole)  triethylamine 
in  200  ml  N-methylpyrrolidone.  The  yield  was  12.16  g  (89.682). 

(Tm  -  150°C)  In]  -0.15  (m-cresol.  38.4°C) 

ir(KBr):  1690  cm”1  (C-0, s, ketone) ;  1740  cm”1  (C-0, s, ester) ; 

1585  cm”1  (Ar.s);  1200  cm”1  (C-0,s). 

nmr(TFA)  6  7.15-8.4  (q,8,Ar);  5.7  (s,4,CH20);  4.9  (s,CH2Cl); 

2. 4-2. 9  (m,4,CH2);  1. 2-2.1  (m,12,CH2). 

Anal.  Calcd.  for  C26H2g07  (repeating  unit):  C,  69.03;  H,  6.19. 
Found:  C,  67.98;  H,  6.30. 
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Preparation  of  polyester  (47) .  This  polyester  was  prepared  In 
the  same  way  using  9.69  g  (0.03  mole)  4,4,-bis(chloroacetyl)diphenyl 
ether,  6.91  (0.03  mole)  1,10-decanedicarboxylic  acid  and  6.66  g  (0.066 
mole)  triethylamine  In  200  ml  N-methylpyrrolidone.  The  yield  was 
11.97  g  (83.131).  (Tn  -  150°C)  Ini  -  0.15  (m-cresol,  38.4°C) 

lr(KBr) :  1690  cm*1  (C-0, s, ketone) ;  1740  cm  1  (00, s, ester) ; 

1580  cm*1  (Ar.s);  1200  cm’1  (C-0,s). 

nmr(TFA)  5  7. 1-8. 4  (q,8,Ar);  5.7  (s,4,CH20);  4.9  (s,CH2C1); 

2.4-2.95  (m,4,CH2)i  1.2-2.25  (m, 16, CH2). 

Anal.  Calcd.  for  C28H3207  (repeating  unit):  C,  70.00;  H,  6.67. 
Found:  C,  69.48;  H,  6.80. 

Preparation  of  polyester  (48).  This  polyester  was  prepared 
using  8.24  g  (0.02  mole)  4,4,-bis(bromoacetyl)diphenyl  ether,  4.04  g 
(0.02  mole)  sebacic  acid  and  4.44  g  (0.044  mole)  triethylamine  in 
150  ml  N-methylpyrrolldone .  The  yield  was  4.39  g  (48.562).  (Tm  - 
155°C)  In]  *  0.15  (m-cresol,  38.4°C) 

ir(RBr):  1690  cm”1  (OO, s, ketone) ;  1740  cm  1  (00, s, ester) ; 

1590  cm"1  (Ar.s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 4  (q,8,Ar);  5.65  (s,4,CH20);  4.9  (S,CH2C1). 

Anal.  Calcd.  for  C26H2g07  (repeating  unit):  C,  69.03;  H,  6.19. 
Found:  C,  66.98;  H,  6.64. 

Preparation  of  polyester  (49).  Polyester  (49)  was  prepared  in 
a  similar  way  using  8.24  g  (0.02  mole)  4 ,4*-bis(bromoacetyl) diphenyl 
ether,  4.61  g  (0.02  mole)  1,10-decanedicarboxylic  acid  and  4.44  g 
(0.044  mole)  triethylamine  in  150  ml  N-methylpyrrolidone.  The  yield 
was  2.25  g  sticky  tan  polymer  (23.442).  (Tm  -  95-140°C)  In]  -  0.07 
(m-cresol,  38.4°C) 
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Ir(NaCl) :  1650-1735  cm”1  (00, s, ketone, ester) ;  1200  cm'1 

(C-0,8). 

nmr(TFA)  6  7.1-8.45  (q,8,Ar);  5.65  (s,4,CH20);  4.9  (8,CH2C1); 

2.3-2.85  (m,4,CH2);  1.1-2.2  (*,16,CH2). 

Anal.  Calcd.  for  C2gH3207  (repeating  unit):  C,  70.00;  H,  6.67. 
Found:  C,  54.31;  H,  6.42. 

Preparation  of  polyester  (50).  This  polymer  was  prepared  In  a 
similar  manner  using  8.8  g  (0.02  mole)  4,4'-bis(2-bromopropionyl)di- 
phenyl  ether,  4.04  g  (0.02  mole)  sebaclc  acid  and  4.44  g  (0.044  mole) 
triethylamlne  in  150  ml  N-methylpyrrolidone.  Heating  was  continued  for 
24  hours.  The  yield  was  4.68  g  (48.75Z).  This  polymer  is  sticky  at 
room  temperature  and  is  probably  completely  amorphous,  at  least  par¬ 
tially  due  to  the  fact  that  the  bis (propionyl) diphenyl  ether  exists  as 
a  mixture  of  isomers  in  the  polymer,  [nl  *  0.12  (m-cresol,  38.4°C) 

ir(NaCl):  1670  cm'1  (C*0, s, ketone) ;  1720  cm  1  (00, s, ester) ; 
1580  cm'1  (Ar,s) ;  1210  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 5  (q»8,Ar);  6.3  (q,2,CH0);  5.6  (q,CHCl); 

2. 2-2. 9  (m,4,CH2);  1. 0-2.1  (m,18,CH2,CH3) . 

Anal.  Calcd  for  C2gH3207  (repeating  unit):  C,  70.00;  H,  6.67. 
Found:  C,  65.31;  H,  6.57. 

Preparation  of  polyester  (51).  In  a  similar  way  was  prepared 
polyester  (51)  using  8.8  g  (0.02  mole)  4,4,-bis(2-bromopropionyl)di- 
phenyl  ether,  4.61  g  (0.02  mole)  1,  10-decanedicarboxylic  acid  and 
4.44  g  (0.044  mole)  triethylamlne  in  150  ml  N-methylpyrrolidone. 

Heating  was  continued  for  24  hours.  The  yield  was  1.47  g  (14.47Z). 

This  polymer  is  amorphous,  as  polyester  (50).  Ini  ■  0.13  (m-cresol, 
38.4°C) 
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ir(NaCl) :  1690  cm*1  (C-O, s, ketone) ;  1740  cm*1  (C-0, s, ester) ; 

1590  cm"1  (Ar,s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8. 4  (q,8,Ar);  6.25  (q,2,CH0);  2.15-2.8 

(m,4,CH2);  1.0-2. 1  (m,16.CH2). 

Anal.  Calcd.  for  (repeating  unit):  C,  70.87;  H,  7.09. 

Found:  C»  68.11;  H,  6.80. 

Preparation  of  polyester  (52).  This  polymer  was  prepared  In  a 
similar  manner  using  3.23  g  (0.01  mole)  4,4'-bis(chloroacetyl)diphenyl 
ether,  2.22  g  (0.011  mole)  sebaclc  acid  and  1.48  g  (0.02  mole)  lithium 
carbonate  In  100  ml  N-methylpyrrolidone.  Heating  was  continued  24 
hours.  The  yield  was  3.68  g  (81.422).  (Tn  *  160°C)  [q]  ■  0.26 

(m-cresol,  38.4°C) 

ir(KBr):  1660  cm"1  (OO, s, ketone) ;  1740  cm  1  (O0,s, ester) ; 
1580  cm"1  (Ar,s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  7. 1-8.4  (q,8,Ar);  5.65  (s,4,CH20);  4.9  (s,CH2C1); 

2. 3-2. 9  (m,4,CH2);  1.2-2. 2  (m,12,CH2). 

Anal.  Calcd.  for  (repeating  unit):  C,  69.03;  H,  6.19. 

Found:  C,  65.23;  H,  6.13. 

Preparation  of  model  compound  (54).  This  diester  was  prepared 
using  the  method  of  Sheehan  and  Umezawa*3  for  similar  compounds.  In  a 
125  ml  Erlenmeyer  flask  were  mixed  6.46  g  (0.02  mole)  4,4*-bis(chloro- 
acetyl) diphenyl  ether,  4.64  g  (0.04  mole)  hexanoic  acid  and  4.04  g 
(0.04  mole)  triethylamine  In  40  ml  N,N-dlmethylformamlde.  The  flask 
was  swirled  until  all  dissolved  and  was  placed  in  the  refrigerator 
24  hours.  Then  the  contents  were  poured  into  350  ml  Iced  water  with 
stirring.  The  white  solid  was  filtered,  washed  with  distilled  water 
and  dried  In  vacuo  48  hours  at  50°C.  Recrystallization  twice  from 
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2-propanol  yielded  6.23  g  (64.63X).  (m.p.  118. 5-120. 5°C) 

ir(KBr) r  1695  cm”1  (00,8, ketone);  1725  cm"1  (OO, s, ester) ; 
1175,  860  cm**1  (C-0,s). 

nmr(CDCl3)  6  7.1-8.35  (<1,8, Ar);  5.25  (s,4,CH20);  2. 2-2. 7 

(m,4,CH2);  0. 7-2.0  (m,18,CH2,CH3>. 

Anal.  Calcd.  for  C^H^Qyi  C,  69.71;  H,  7.05. 

Found:  C,  69.75;  H,  7.11. 

Preparation  of  model  compound  (55).  This  compound  was  pre¬ 
pared  in  a  similar  manner  using  4.40  g  (0.01  mole)  4,4*-bis(2-bromo- 
propionyl) diphenyl  ether,  2.32  g  (0.02  mole)  hexanoic  acid  and  2.02  g 
(0.02  mole)  triethylamine  in  20  ml  N-methylpyrrolidone.  The  product 
was  a  viscous  oil.  This  material  was  purified  using  column  chromato¬ 
graphy  on  silica  gel.  Carbon  tetrachloride,  methylene  chloride  and 
methanol  were  eluting  solvents.  The  pure  material  recovered  weighed 
3.25  g  (63.73Z) . 

ir(NaCl) :  1715  cm”1  (C«0, s, ester) ;  1660  cm”1  (C«0, s, ketone) ; 

1585  cm”1  (Ar.s);  1200  cm"1  (C-0,s). 

nmr(TFA)  6  6. 9-8. 2  (q,8.Ar);  5.9  (q,2,CH0);  2.15-2.6 

(m,4,CH2);  0.7-2. 1  (m,24,CH2,CH3) . 

Anal.  Calcd.  for  C^H^:  C,  70.59;  H,  7.45. 

Found:  C,  69.75;  H,  7.28. 


V.  REPRESENTATIVE  SPECTRA 
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Figure  13.  DSC  of  Polysebacanide  (4).  K 


Figure  18.  NMR  of  4 , 4 '-Bis ( 2-bromoproplonyl) diphenyl  ether 


MICRONS) 


103 


Figure  19.  IR  of  AfA,-Bis(bromoacetyl)diphenyl  ether  (16). 
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Figure  27.  IR  of  Polyamine  (20). 
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Figure  29.  IR  of  Polyaraine  (35) 
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Figure  35.  DSC  of  Polyamine  (35).  |\ 
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Figure  41.  IR  of  Polyester  (39). 
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Figure  43.  IR  of  Polyester  (47) 
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Figure  44,  IR  of  PolyeBter  (48), 
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Figure  45.  IR  of  Polyester  (52) 
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Figure  49.  IR  of  Model  Compound  (54). 
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VI.  SUMMARY 

Biodegradable  polysebacatnides  have  been  subjected  to  ultraviolet 
irradiation.  Unsubstituted  poly (ethylene  sebacamide)  and  methyl  substi¬ 
tuted  polysebacamides  were  photodegradable.  Poly (piperazine  sebacamide) 
and  phenyl  and  hydroxy  substituted  polysebacamides  were  crosslinked  by 
light,  due  to  the  formation  of  stable  free  radicals.  The  polysebaca¬ 
mides  were  more  degradable  by  Aspergillus  niger  after  irradiation. 

Polyamines  synthesized  from  4,4'-bis(chloroacetyl)diphenyl  ether, 
and  its  bromoacetyl  and  bromopropionyl  analogs  were  found  to  be  photo¬ 
degradable.  The  greatest  degradation  occurred  in  polymers  from  the 
bis (propionyl) diphenyl  ether.  These  polymers  were  not  utilized  by 
microorganisms,  either  before  or  after  photolysis. 

Polyesters  prepared  from  the  bis(chloroacetyl)diphenyl  ether  and 
diacids  of  eight  or  more  carbon  atoms  were  biodegraded  by  Aspergillus 
niger,  but  were  crosslinked  by  light.  There  was  no  difference  in  the 
growth  of  niger  on  photolyzed  and  unphotolyzed  samples.  This  series  of 
polyesters  contains  aromatic  rings  at  regular  Intervals  along  the  poly¬ 
mer  backbone  and  is  still  biodegradable. 
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